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ABSTRACT 


The  rain  attenuation  exceedance  and  the  corresponding 
link  availability  have  been  calculated  for  any  location  in 
Canada  for  a  Satcom  link  in  the  10-45  GHz  range  with 
arbitrary  values  of  the  link  parameters.  Contours,  with 
arbitrary  constant  values,  of  these  two  parameters  are  also 
determined  for  any  region  in  Canada.  The  effect  of  site 
diversity  on  these  results  can  be  studied.  The  results  are 
presented  in  different  formats  to  facilitate  their  use  in  a 
system  design.  The  CCIR  rain  attenuation  prediction  model, 
Hodge  site  diversity  model  and  long  term  rain  statistics  have 
been  used  for  this  work.  Following  a  brief  review  of  the 
subject,  representative  rain  attenuation  exceedance  and  link 
availability  results  are  given  for  a  Satcom  link  at  20,  30 
and  44  GHz  for  a  few  selected  values  of  the  link  parameters. 
From  the  point  of  view  of  rain  attenuation,  this  study 
indicates  the  feasibility  of  a  20-44  GHz  Satcom  system  for 
Canada  with  ~  99.5%  link  availability. 


RESUME 


I 


« 


L 1  attenuation  excedentaire  due  a  la  pluie  ainsi  que  la  disponibil ite 
correspondante  de  liaison  radio  par  satellite,  operant  sur  une  plage  de 
frequences  de  10  a  45  GHz  et  utilisant  des  parametres  de  liaisons 
arbitrages,  ont  ete  calcules  pour  toutes  les  reqions  du  Canada.  Les 
contours  de  ces  parametres  a  valeurs  constantes  ont  aussi  ete  determines 
pour  ces  reqions.  Les  effets  de  communications  simul tanees,  utilisant  la 

diversite  d'emplacement  sur  ces  resultats  ont  ete  etudies.  Les  resultats 
sont  oresentes  sous  differents  formats  afin  de  faciliter  leur  utilisation 
pour  la  conception  d'un  systeme  de  communications  par  satellite.  Le  model e 
du  CCIR  oour  la  prediction  de  1 'attenuation  due  a  la  pluie  de  meme  que  le 
modele  de  diversite  d'emplacement  de  Hodge  et  les  statistiques  a  long  terme 
sur  la  pluie  a u  Canada  ont  ete  utilises  pour  ce  travail.  Apres  une  breve  _ 
revue  du  suiet,  des  resultats  representatifs  de  Vattenuation  due  a  la  pluie  or 
et  de  disoonibilit.e  de  liaison  par  satellite  au  Canada,  sont  donnes  pour  un 
systeme  de  communications  par  satellite  operant  aux  frequences  de  ?0,  30  et 
44  GHz  pour  certaines  valeurs  de  parametres  de  liaison.  Du  point  de  vue  de 
1 'attenuation  due  a  la  nluie,  cette  etude  demontre  qu'il  est  possible  de  );L 
concevoir  un  systeme  de  communications  EHF  par  satellite  au  Canada  ayant  une 
d^sponibilite  de  liaison  radio  ores  de  99.5%. 
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EXECUTIVE  SUMMARY 


The  purpose  of  this  paper  is  to  determine  the  feasibility  of  a 
20-44  GHz  satellite  communications  (SATCOM)  system  for  Canada  from  the 
viewpoint  of  rain  attenuation.  The  transmitted  electromagnetic  wave  at 
frequencies  above  10  GHz  is  severely  attenuated  by  rain  during  its 
passage  through  the  earth's  atmosphere.  Rain  attenuation  is  a  random 
process  due  to  the  unpredictability  of  rain  occurrence.  Hence, 
statistical  methods  are  used  to  evaluate  the  problem. 

A  brief  review  of  radio  wave  attenuation  in  an  earth-space  path 
is  presented,  followed  with  the  details  of  the  rain  attenuation 
prediction  method  used  for  this  work.  Accurate  rainfall  rate  statistics 
are  important  for  the  prediction  of  rain  attenuation.  Previously, 
Canada  was  divided  into  a  small  number  of  climate  regions  with  a 
specific  rainfall  rate  for  each  region.  This  gave  rather  poor 
attenuation  statistics  averaged  over  large  areas  for  each  zone.  In  the 
present  work,  experimental  rain  statistics  of  approximately  500  station 
years  from  47  weather  stations  in  various  parts  of  Canada  have  been 
used.  It  should  be  noted  that  the  high  rainfall  rates  are  limited  to  a 
few  regions.  In  fact,  rain  statistics  in  Northern  Canada  are  similar  to 
those  in  a  desert. 

From  the  present  work,  one  can  calculate,  for  a  wide  range  of 
probabilities,  the  rain  attenuation  statistics  for  an  arbitrary  location 
within  most  of  the  Canadian  territory  for  any  geostationary  satellite 
link  at  any  frequency  in  the  10-45  GHz  frequency  range.  Representative 
results  in  the  form  of  tables  and  contours  of  rain  attenuation 
statistics  are  included  for  SATCOM  links  at  20,  30  and  44  GHz. 
Except  for  the  few  regions  with  high  rainfall  rates,  rain  attenuation  is 
not  a  formidable  problem  for  SATCOM  in  this  frequency  range.  From  the 
point  of  view  of  rain,  this  study  indicates  the  feasibility  of  a 
20-44  GHz  SATCOM  system  for  most  of  Canada  with  approximately  99.5%  link 
availability. 
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1.0  INTRODUCTION 


The  propagation  characteristics  of  electromagnetic 
waves  play  an  important  role  in  the  design  of  space  communi¬ 
cation  systems.  Attenuation  due  to  hydrometeors,  mainly 
rain,  represents  perhaps  the  most  degrading  influence 
suffered  by  the  transmitted  wave  as  it  passes  through  the 
earth's  atmosphere.  This  is  particularly  true  for  satellite 
communication  systems  which  operate  above  ~  10  GHz.  Further, 
the  rain  attenuation  increases  with  frequency  in  the  1-100 
GHz  range.  On  the  other  hand,  spectral  crowding  at  lower 
frequencies  points  out  the  desirability  of  moving  to  higher 
frequency  bands.  In  particular,  greater  available  bandwidths 
and  the  associated  higher  data  rates  with  improved  anti¬ 
jamming  characteristics  at  Extremely  High  Frequencies  ( EHF ) 
make  this  band  extremely  attractive  for  military  satellite 
communications . 

Clearly,  it  is  necessary  to  make  a  compromise  between 
the  higher  data  rates  and  better  antijamming  characteristics 
and  the  reduction  in  link  availability  in  EHF  communication 
systems.  Since  rain  will  be  the  primary  source  of  attenua¬ 
tion  in  most  cases,  an  assessment  of  rain  attenuation  is  man¬ 
datory  in  the  planning  stages  of  such  a  system.  The  random¬ 
ness  of  rcinfall  adds  further  uncertainty  and  complexity  in 
the  radio  wave  propagation.  Hence,  statistical  approaches 
are  used  to  evaluate  the  problem.  Thus,  the  statistical  rain 
data  is  one  of  the  key  parameters  in  determining  the  rain  at¬ 
tenuation  statistics.  The  Department  of  National  Defence  is 
presently  working  towards  the  possible  use  of  EHF  satellite 
communications  (Satcom)  in  the  future.  Before  developing 


2 


such  a  system,  it  is  therefore  essential  to  determine  radio 
wave  attenuation  due  to  rain  in  various  parts  of  Canada  at 
these  frequencies.  Preliminary  work  on  this  subject  was  done 
earlier  by  one  of  the  authors  (1]. 

From  the  present  work,  one  can  calculate  the  rain  at¬ 
tenuation  exceedance  and  the  corresponding  link  availability 
values  at  an  arbitrary  location  within  most  of  the  Canadian 
territory  for  any  geostationary  satellite  link  at  any  fre¬ 
quency  in  the  10-45  GHz  range  for  a  wide  range  of  probab¬ 
ilities.  Computer  programs  have  also  been  developed  to  plot 
contours  of  constant  rain  attenuation  exceedance  or  link 
availability  with  a  given  link  margin  for  most  of  the 
Canadian  territory  for  any  combination  of  the  relevant  link 
parameters.  In  particular,  rain  attenuation  exceedance  and 
link  availability  data  can  be  determined  for  47  locations, 
with  long  term  rain  data  records,  in  various  parts  of  Canada. 
The  results  are  presented  in  different  formats  to  facilitate 
their  use  in  a  system  design. 


2.0  FUNDAMENTALS  OF  RADIO  WAVE  PROPAGATION 


2 . 1  Transmission  Principles 

The  power  density  of  an  electromagnetic  wave  at  a 
point  is  inversely  proportional  to  the  square  of  the  distance 
between  the  source  and  that  point.  Free  space  transmission 
loss  expressed  in  decibels  between  two  points  in  a  radio  link 
is  given  by 


As  =  20  log  (  )  (dB) . (1) 

where  Ag  is  the  free-space  attenuation  in  decibels,  X  is  the 


ATTENUATION  COEFFICIENT  (dB/km) 


Fig.  2  Total  one-way  zenith  attenuation  through  the  atmos¬ 
phere  with  moderate  humidity  (7.5  g/m^  at  the  sufrace)  as  a 
function  of  frequency  [3]. 
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wavelength  and  d'  is  the  distance  between  the  receiver  and 
the  transmitter.  This  attenuation  is  always  present  when 
radio  waves  propagate  in  free  space  or  in  regions  whose 
characteristics  approximate  the  uniformity  of  free  space  such 
as  the  earth's  atmosphere. 

In  addition,  there  are  several  other  factors  which 
influence  radio  wave  propagation  [2,3],  The  frequency  of  the 
radio  wave  is  a  critical  factor  in  determining  the  attenua¬ 
tion  or  modification  of  the  radio  wave.  Ionospheric  effects 
tend  to  become  less  significant  as  the  frequency  of  the  wave 
increases  and  above  about  3  GHz  the  ionosphere  is  essentially 
transparent  to  space  communications  with  some  notable  exce¬ 
ptions.  On  the  other  hand,  gaseous  constituents  of  the 
earth's  atmosphere,  primarily  oxygen  and  water  vapor,  inter¬ 
act  with  the  radio  wave.  This  interaction  is  particularly 
intense  over  certain  frequency  bands  corresponding  to  the  ab¬ 
sorption  bands  of  oxygen  and  water  vapor.  Practical 
earth-space  communication  has  been  mainly  developed  in  the 
atmospheric  windows  between  these  absorption  bands.  Fig.  1 
shows  the  attenuation  coefficient  vs.  frequency  for  oxygen 
and  water  vapor  at  a  humidity  of  7.5  g/m'*,  a  pressure  of  1 
atmosphere  and  a  temperature  of  20°  C.  Fig.  2  shows  the 
total  one-way  zenith  attenuation  through  the  atmosphere  vs. 

3 

frequency  for  a  moderately  humid  atmosphere  (7.5  g/m  water 
vapor  density  at  the  surface).  For  elevation  angles  in  the 
range  of  15°-90°,  the  gaseous  attenuation  for  a  moderately 
humid  atmosphere  is  below  ~  2  dB  for  frequencies  up  to  41 
GHz.  There  are  several  other  effects  of  the  non-ionized 
atmosp  ere,  the  ionosphere  and  the  extra  terrestrial  ionized 
media  on  the  propagating  radio  wave. 


6 


Some  of  the  factors  affecting  the  radio  wave  propagation  are: 

.  Attenuation  by  hydrometeors  and  atmospheric 
gases ; 

Depolarisation  by  hydrometeors  and  Faraday 
rotation ; 

.  Noise  emission  due  to  gases  and  hydrometeors; 

Scintillation  of  amplitude  and  phase  caused  by 
turbulence  or  refractive  index  irregularities; 

Loss  of  signal  due  to  beam-divergence  of  the 
earth-station  antenna  due  to  normal  refraction 
in  the  atmosphere; 

A  decrease  in  effective  antenna  gain  due  to 
phase  decorrelation  across  the  antenna 
aperture ; 

Possible  limitations  in  bandwidth  due  to 
multiple  path  effects  or  multiple  scattering, 
specially  in  high  data  rate  systems. 

At  EHF  frequencies,  hydrometeors  are  the  dominant 
source  of  attenuation  although  other  factors  like 
scintillation  fading  at  low  angles  of  elevation  may  also  be 
quite  significant.  Henceforth,  this  work  deals  only  with 
hydrometeor  attenuation  in  satellite  communications. 

3.0  HYDROMETEOR  ATTENUATION  IN  SATELLITE  COMMUNICATIONS 


Hydrometeors  in  the  radio  wave  path  can  produce  major 
impairments  to  space  communications.  Hydrometeors  refer  to 
products  of  condensed  water  vapor  in  the  atmosphere  and  in¬ 
clude  rain,  hail,  cloud,  fog,  ice  or  snow.  Rain  is  the  major 
source  of  impairment  of  the  radio  wave.  Attenuation  due  to 
water  cloud  or  fog  can  be  calculated  if  the  liquid  water  con¬ 
tent  is  known.  Except  for  clouds  of  high  water  content,  at¬ 
tenuation  due  to  clouds  is  generally  equivalent  to  light 
rainfall  attenuation.  The  effects  of  dry  hail  and  dry  snow 
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can  be  generally  neglected  at  the  EHF  frequencies. 

A  brief  description  of  the  classical  development  for 
the  determination  of  rain  attenuation  is  provided  next.  The 
attenuation  A  of  a  radio  wave  propagating  in  a  volume  of  rain 
of  length  L  in  the  direction  of  wave  propagation  can  be 
expressed  as 

A  =  [  Y  dx  (dB) . (2) 

J0 

where  y  is  the  specific  attenuation  (dB/km)  of  the  rain  vol¬ 
ume.  In  the  classical  development,  it  is  assumed  that  the 
intensity  of  the  wave  decays  exponentially  as  it  propagates 
through  the  volume  of  rain.  Thus,  the  incident  power  of  a 
wave  incident  on  a  volume  of  uniformly  distributed  water 
drops  extending  over  the  length  L  and  the  transmitted  power 
Pfc  after  its  passage  through  the  medium  are  given  by 

Pt  =  Pi  e-mL  (watt) . (  3  ) 

where  m  is  the  attenuation  coefficient  for  the  rain  volume 
expressed  in  units  of  reciprocal  length.  The  attenuation  of 
the  radio  wave  expressed  as  a  positive  decibel  value  is  given 
by 


The  attenuation  coefficient  m  can  be  expressed  as 

m  =  P  Qt  (km-1) . (5) 

where  p  is  the  number  of  drops  per  unit  volume  and  Q^.  ,  the 

attenuation  cross-section  of  the  drop,  expressed  in  units  of 

area,  is  the  sum  of  a  scattering  cross-section  Q  and  an 

s 

absorption  cross-section  Q  .  Q.  is  a  function  of  drop  radius 

cl  C 


SPECIFIC  ATTENUATION,  y  (dB/km) 


FREQUENCY  (GHz) 


Fig.  3  Specific  attenuation  y  due  to  rain  as  a  function 

of  frequency  for  various  rain  rates  [7]. 
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e,  wavelength  A  of  the  radio  wave  and  complex  refractive  ind¬ 
ex  fj  of  the  water  drop.  If  the  drops  do  not  have  the  same 
radius,  the  attenuation  coefficient  m  is  determined  by  inte¬ 
grating  over  all  drop  radii.  Thus,  Eq .  (5)  is  modified  to 

m  =  J  Qt(e,A,/u)  n(e)  de  (km'1) . (6) 

where  n(e)de  gives  the  number  of  drops  per  unit  volume  with 
radius  in  the  range  (e,  e+de).  The  specific  attenuation  y , 
expressed  in  dB/km,  is  obtained  from  Eqns.  (4)  and  (6) 
with  L  =  1  km.  Thus, 

y  =  4  .  343  m  =  4.343  J  Qt  (  e  ,  A , /u  )  n  (  e  )  de  (dB/km) . (7) 

Thus,  the  specific  attenuation  y  depends  on  attenua¬ 
tion  cross-section,  rain  drop  size  and  drop  size  distribu¬ 
tion.  The  latter  two  parameters  are  a  function  of  rain  struc¬ 
ture  only  whereas  Qt  depends  on  frequency  and  temperature 
also.  All  of  these  parameters  are  not  directly  predictable 
and  hence  statistical  methods  are  used.  Qt  can  be  obtained 
by  employing  the  Mie  classical  scattering  theory  for  a  plane 
wave  radiation  on  an  absorbing  sphere.  The  distribution  of 
rain  drop  sizes  n(e)  can  be  represented  in  terms  of  the  drop 
radius  e  (mm)  and  two  empirical  constants  Nq  and  A  determined 
from  the  distribution.  The  constant  A,  in  turn,  is  dependent 
on  rain  rate  R  (mm/hr).  Thus,  the  specific  attenuation  y  is 
dependent  on  the  physical  properties  of  water  as  well  as  the 
characteristics  of  rain  structure  and  is  given  by 

y  =  4.343  Nq  J  Qt(e,A ,u)  e"Ae  de  (dB/km) . (8) 

The  specific  attenuation  y  can  now  be  calculated  as  a 
function  of  frequency,  refractive  index  and  drop  size  distri¬ 
bution.  Fig.  3  shows  specific  attenuation  y  vs.  frequency  f 
at  various  rain  rates  for  the  drop  size  distribution  of  Laws 


and  Parsons  [4]  at  a  rain  temperature  of  20°  C.  The  total 
rain  attenuation  A  for  a  path  of  length  L  is  obtained  by 
using  this  value  of  y  in  Eq . ( 2 ) .  Thus, 


A  =  4.343  J  (  N0  J  Qt  e  Ae  de  ]  dx  ( dB ) . (9) 

The  relationship  between  specific  attenuation  y  and 
rain  rate  R  at  the  ground  station  can  be  approximated  by  [5] 


=  kR 


(dB/km)  . (10) 


where  k  and  a  are  frequency,  temperature  and  polarization 
dependent  constants.  The  parameters  k,  a  and  R  represent 
approximately  the  complicated  dependence  of  y  on  frequency, 
temperature  and  drop  size  distribution.  Eq.(10)  is  used  in 
virtually  all  models  for  the  prediction  of  path  attenuation 
from  rain  rate  at  a  point. 


where  L'  is  the  vertical  extent  of  rain.  The  main  problem  in 
determining  the  slant  path  attenuation  is  in  finding  the  ex 
tent  of  the  slant  path  length  and  the  rain  rate  profile  along 
that  path.  The  main  effort  in  developing  the  attenuation 
prediction  models  has  been  to  relate  the  attenuation  along 
the  path  with  measurable  quantities  such  as  the  0°  C  isotherm 
height  and  the  rainfall  rate  at  the  ground  station. 

In  general,  the  prediction  models  utilize  the  mea¬ 
sured  rain  rate  at  the  ground  station  as  the  statistical 
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variable  and  use  Eq.(lO)  to  calculate  the  specific  attenua¬ 
tion.  The  attenuation  from  these  prediction  models  can  thus 
be  expressed  as 

A  (  R )  =  kRa  L  ( R )  (dB)  . (12) 

where  L(R)  is  an  "effective  path  length"  for  the  earth-space 
path.  It  is  this  L(R)  and  y  which  determine  an  attenuation 
distribution  A(R)  from  a  specified  rain  rate  distribution. 
The  major  difference  between  the  various  prediction  methods 
is  in  their  approach  to  determine  an  "effective  path  length" 
parameter  L ( R ) . 

3 . 2  The  CCIR  Rain  Attenuation  Prediction  Method 

The  International  Radio  Consultative  Committee  (CCIR) 
has  recommended  a  method  to  predict  rain  attenuation  statis¬ 
tics  for  an  earth-space  path  from  point  rain  rate  distribu¬ 
tion  f  6  J .  This  model  has  been  used  for  the  present  work.  In 
this  model,  the  attenuation  exceeded  for  0.01%  of  an  average 
year,  Aq  q^,  is  calculated  first.  The  attenuation  exceeded 
for  other  percentages  of  an  average  year,  in  the  range  of 
0.001%  to  1.0%,  can  then  be  calculated  from  Aq  q.,  .  The  fol¬ 
lowing  input  parameters  are  needed  to  calculate  the  slant- 
-path  rain  attenuation  statistics  at  a  given  location: 

Rq  (mm/hr)  :  the  point  rainfall  rate  that 

is  exceeded  for  0.01%  of  the 
average  year  at  the  location ; 
hg  (km)  :  the  height  of  the  earth 

station  above  sea  level; 

9  (degree)  :  the  elevation  angle; 

<J>  (degree)  :  the  latitude  of  the  earth 

station; 

£  (degree)  :  the  longitude  of  the  earth 

station . 

In  addition,  information  regarding  the  satellite  location  and 
link  frequency  is  also  required. 
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As  mentioned  earlier,  the  specific  attenuation  de¬ 
pends  on  rain  rate  and  is  given  by 

Y  =  kRa  (dB/km)  . (10) 

For  linear  and  circular  polarization,  the  coeffi¬ 
cients  k  and  a  can  be  calculated  using  the  following  equa¬ 
tions  [  7  ]  : 


k  =  ~y~  [  kh  +  kv  +  (kh  -  kv)Cos20  Cos  2t  ]  (13) 

a  =  ~Tk  [  khah  +  kvav  +  (kh“h  "  kvav)  Cos2e  Cos  2t 

where  x  is  the  polarization  tilt  angle  relative  to  the  hori¬ 
zontal.  t  =  45°  for  circular  polarization.  Thus,  for  circu¬ 
lar  polarization,  the  above  equations  simplify  to 

k  -  ~T~  [  kh  +  kv  ] 

a  *  4k  [  khah  +  kv“v  ] 

The  constants  k.  ,  k  ,  a.  and  a  are  tabulated  as  a  function 

h  v  n  v 

of  frequency  in  the  1-400  GHz  range  in  a  CCIR  Report  [7].  At 
intermediate  frequencies,  logarithmic  scaling  is  used  for 
frequency,  k^  and  k^  whereas  a  linear  scaling  is  used  for 
frequency,  and  av>  Knowing  k  and  a  at  the  link  frequency, 
one  can  calculate 

Y0 . 01  =  kR0.01  <dB/km)  . (17> 

where  yq  is  the  specific  attenuation  that  is  exceeded  for 
0.01%  of  an  average  year. 


(15) 

(16) 
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The  elevation  angle  0  is  given  by  [8] 


Cos  0  = 


[iS'_i_H)]  sin  „ 


(18) 


where  R'  is  the  radius  of  the  earth  (6370  km),  H  (35816  km) 
is  the  altitude  of  a  geostationary  satellite  above  the  equa¬ 
tor,  0  is  the  angular  distance  between  the  ground  station  and 
the  sub-satellite  point  on  the  earth's  surface  and  ?  is  the 
slant  range  of  the  satellite  from  the  earth  station.  0  and  £ 
can  be  obtained  from  the  following  equations: 


Cos  0  =  Cos  <t>  Cos  Ah 


(19) 


1/2 


R'2  +  (R'  +  H)2  -  2 R ' ( R '  +  H ) Cos  0  ]  (km). ..(20) 


where  Ah  is  the  longitude  difference  between  the  earth  sta¬ 
tion  and  f he  sub-satellite  point. 

Next,  the  "effective  path  length"  for  the  earth- 
space  path  through  rain  has  to  be  calculated.  Fig.  4  gives  a 
schematic  presentation  of  such  a  path.  In  the  present  me¬ 
thod,  the  "effective  path  length"  can  be  calculated  through 
the  following  steps: 

The  rain  height  hR  (km)  for  a  given  earth  station  at  latitude 
<t>  is  given  by 


4.0  0  <  <(>  <  36° 

4.0  -  0 .075  (  <$>  -  36  )  <f>  >  36° 


( km] 


(21) 


For  0  <  10°,  the  slant-path  length  L  below  the  rain 

s 

height  is  obtained  from  the  equation 


O  O  CD  > 


Fig.  4  Schematic  presentation  of  an  Earth-space  path  for 

satellite  communication. 

Frozen  precipitation; 

Rain  level; 

Rain  region; 

Earth-space  path  from  a  ground  station  to 
a  satellite; 

(h  -hQ)  :  Rain  height  above  the  ground  station. 
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L  = 
S 


2(  hR  -  hQ  ) 


Sin2  0  + 


2 (  hR  -  h0  ^ 


( km) 


(22) 


+  SinQ 


where  Rg  is  the  effective  radius  of  the  earth  (8500  km).  For 
9  >  10°,  this  equation  simplifies  to 


(hR  V 

Sin  9 


( km) 


(23) 


The  horizontal  projection,  ,  of  the  slant-path 

length  is  found  from  (see  Fig.  4) 


L_  =  L  Cos  0 
G  s 


(  km) 


(24) 


For  0.01%  of  the  year, the  reduction  factor  r 


0.01' 


which  takes  into  account  the  nonuniformity  of  rain  rate  along 
the  slant  path,  can  be  obtained  from 


0.01 


90 

90  +  4L, 


(25) 


The  attenuation  Ag  g^  exceeded  for  0.01%  of  an  aver¬ 
age  year  is  then  calculated  from 


A0.01  ~  Y0.01  L s  r0.01 


(dB) 


(26) 


The  attenuation  Ap  exceeded  for  other  percentages  P 
of  an  average  year,  in  the  range  of  0.001%  to  1.0%  ,  may  be 
estimated  from  Ag  g^  by  using  the  following  equation 


12  p  -(0.546  +  0.043  log  P) 


(27) 


l0.01 


The  above  equation  can  be  rearranged  to  yield  yearly 
outage  times  PQut  given  as  percentage  of  a  year.  For  a  given 
link  margin  LM  (dB),  the  yearly  outage  time  expressed  as  a 


16 


percentage  of  an  average  year  is  given  by 


1/2 

(-6.349  +  (  40.308  -23.256  log  (  ))  ) 

P  =10  (%)... .(28) 

out 

Hence,  the  availability  Av  expressed  as  a  percentage  of  time 
of  an  average  year  is 

Av  =  100  -  PQut  (%) - (29) 


For  latitudes  above  30°  ,  this  CCIR  method  has  been 
reported  to  predict  AQ  to  within  10%  with  a  standard  devi¬ 
ation  of  30%  when  simultaneous  rain  rate  measurements  were 
used  [6].  As  far  as  is  known  to  the  authors,  this  model  has 
not  yet  been  tested  at  EHF  frequencies  for  the  Canadian 
conditions . 


3 . 3  Site  Diversity  Gain  Model 


Hodge  [9]  has  proposed  a  diversity  gain  model  to  cal- 
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•  •  •  •  ( 

30) 

where  A„  and  (A,.  ) „  are  the  attenuation  values  exceeded  on  a 
P  d  i  v  P 

single  path  and  that  exceeded  jointly  on  separated  paths  res¬ 
pectively  for  a  given  percentage  of  time.  According  to  this 
model , 


G 


D 


(dB) . (31) 


where  each  factor  contains  the  dependence  of  the  variable  de- 
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noted  by  its  subscript.  Here  d  is  the  separation  distance 
between  the  two  earth  stations,  Ap  is  the  single-site  atten¬ 
uation,  f  is  the  link  frequency,  9  is  the  elevation  angle  and 
A  is  the  earth  terminals  baseline  to  path  angle  which  is  de¬ 
fined  as  the  positive  angle  made  between  the  line  segment 
joining  the  two  receiving  terminals  and  the  ground  projection 
of  the  earth-space  path  (103.  A  is  measured  in  such  a  way 
that  it  is  always  less  than  90°.  The  factors  in  Eq .  (31) 
are  given  by 


a 


b  = 


G 


f 


G 


9 


G 


A 


4-*-bd) 

0 . 6 4Ap  -  1.6  [l-  e  0  * 1 1ap j 
0.585  (l-e~°*98Ap] 

1.64  e-°*025f 
0.00492  0  +  0.834 
0.00177  A  +  0.887 


(dB) 

(dB) 

(  km-1  ) 


.  .  (  32) 


Here  d  is  in  km,  Ap  is  in  dB,  f  is  in  GHz  and  9  and  A  are  in 
degrees.  This  model  gives  good  agreement  with  experimental 
measurements  when  single  site  attenuation  is  below  ~11  dB. 
For  higher  values  of  Ap  ,  the  agreement  is  not  so  good. 


4.0  RAIN  RATE  STATISTICS  FOR  CANADA 


There  are  two  databases  which  provide  information  on 
probability  vs.  rainfall  rate  exceedance  for  use  in  the  pre¬ 
sent  work.  Details  of  these  databases  are  described  in  this 
Section . 


Segal  [11]  analysed  the  tipping-bucket  rain  gauge 
data  of  ~  500  station  years  from  47  stations  in  various  parts 
of  Canada.  Fig.  (5)  gives  the  locations  of  these  precipita- 
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g.  5  Map  showing  the  locations  of  preci 
om  which  rain  data  have  been  used  in  thi 
nd  to  the  station  listings  in  Tables  1  ar 
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tion  recording  stations.  An  example  of  the  typical  experi¬ 
mental  results  of  probabilitiy  of  exceeding  a  given  rainfall 
rate  at  one  of  these  stations  is  given  in  Fig.  (6). 

Segal  noted  that  the  probability  P'  that  a  given  rain 
rate  R  is  exceeded  at  a  site  can  be  approximated  by  a  power 
law  relationship 


p'  -  po  ( -f^-  r  . <33» 

where  Pg  is  the  probability  of  exceeding  a  reference  rain 
rate  Rg .  This  power  law  is  in  good  agreement  with  the 
experimental  results  for  values  of  R  exceeding  ~  2-3  mm/hr. 
Fig.  7  shows  an  example  of  such  a  power  law  fit  to  the  ex¬ 
perimental  rainfall  rate  data.  Knowing  a,  Pg  and  Rg ,  the 
rainfall  rate  exceedance  at  the  site  can  be  calculated  as  a 
function  of  P'.  Thus,  PQ  and  a  are  important  parameters  for 
any  location. 

Segal  [12]  calculated  a  and  Pg  values  for  the  47 
locations  for  Rg  =  100  mm/hr  from  experimental  rainfall  rate 
data  at  these  sites.  This  data  is  identified  as  the  "city 
database"  and  is  used  in  the  rain  attenuation  prediction 
programs  for  these  locations.  For  ready  reference,  this  data 
is  also  included  in  Table  1.  The  altitude,  latitude  and 
longitude  for  these  stations  are  given  in  Table  2  [11]. 

Using  the  calculated  values  of  the  parameters  a  and  Pg  for 
the  47  sites,  Segal  [11]  determined  contours  of  a  and  Pg  for 
various  values  of  these  parameters  for  most  parts  of  Canada 
(Figs.  8-9).  The  contours  do  not  extend  into  the  far  North 
or  into  the  Atlantic  or  Pacific  ocean  due  to  lack  of  reliable 
data.  Lack  of  data  in  the  West  Coast  region  is  due  to  uncer¬ 
tainty  and  rapid  variations  in  precipitation  characteristics 
in  mountainous  regions. 
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Contours  of  constant  Pn.  The  numerical  value  beside  each 
7  U 

als  10  Pn.  The  locations  of  the  rain  recording  stations  are 
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Fig. 9  Contours  of  constant  a.  The  numerical  value  beside  each 
curve  corresponds  to  -100a.  The  locations  of  the  recording  stations 
are  indicated  [11]. 


II 


te  data  and  rain  attenuation  statistics  are  availabl 
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For  rainfall  rate  distribution  at  an  arbitrary 
location  in  Canada,  Strickland  [13]  digitized  the  above- 
mentioned  contours  of  a  and  Pg  (see  Figs.  8-9)  at  intervals 
of  1°  in  latitude  and  2°  in  longitude.  The  data  were  digiti¬ 
zed  from  42°  to  70°  in  latitude  and  143°W  to  55°W  in  longi¬ 
tude  and  the  parameters  a  and  Pg  were  determined  for  all 
points  on  the  grid.  These  data  were  stored  in  a  subroutine 
and  constitute  the  second  of  the  two  databases.  This  database 
is  used  in  the  prediction  programs  to  determine  rain  attenua¬ 
tion  at  an  arbitrary  location  in  Canada.  The  unshaded  area 
in  Fig.  (10)  indicates  the  part  of  Canada  where  rainfall  rate 
statistics  are  available  in  this  manner. 

5.0  RAIN  ATTENUATION  PREDICTION  PROGRAMS 

In  the  present  work,  prediction  programs  have  been 
developed  and  results  for  (i)  rain  attenuation  exceedance  for 
any  P  and  (ii)  link  availability  for  any  link  margin  are  now 
available  over  an  earth-satellite  path  in  an  EHF  geostation¬ 
ary  satellite  link  for  most  locations  in  Canada  below  70°N 
(Fig.  10).  The  CCIR  model  and  the  Hodge  Site  Diversity  model 
have  been  used  for  this  purpose.  The  two  data  bases  discus¬ 
sed  earlier  provide  the  required  rain  rate  distribution. 
Details  of  the  two  programs  developed  in  the  present  work  are 
described  now  in  terms  of  user  input  and  sample  outputs. 

For  the  sample  results  included  in  this  report,  the 
satellite  longitude  has  been  arbitrarily  set  at  100°  W.  The 
altitude,  hg  ,  of  the  ground  station  site  is  assumed  to  be 
zero  except  for  the  locations  in  the  "city  database".  In  the 
latter  cases,  the  altitude  of  the  site  has  been  taken  into 
account.  All  of  the  results  can  be  calculated  with  or 
without  site  diversity.  The  sample  results  included  in  this 
report  correspond  to  the  no  site  diversity  case. 
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5.1  CAN SLAM 


"CANSLAM"  stands  for  Canadian  Satellite  Link  Attenua¬ 
tion  Mapper.  This  program  generates  attenuation  maps  in 
three  different  styles  for  any  input  values  assigned  to  the 
following  satellite  and  network  parameters: 

Probability  P,  expressed  as  a  percentage  of  an 
average  year  in  0.001%  to  1.0%  range,  of 
exceedance  of  the  calculated  attenuation; 

.  Link  frequency  f  in  the  10-45  GHz  range; 

.  Satellite  longitude  in  40°W-  150°W  range; 

Site  diversity  characteristics. 

The  results  are  available  in  following  three  formats: 

In  one  format,  contours  over  which  attenuation  ex¬ 
ceeds  the  given  values  are  plotted  on  a  map  of  Canada.  Figs. 
11-19  give  rain  attenuation  exceedance  contours  for  Canada  at 
20,  30  and  44  GHz  for  three  values  of  P.  Five  arbitrary  at¬ 
tenuation  exceedance  values  can  be  specified  for  these  con¬ 
tours  on  one  map.  These  contours  can  be  plotted  for  the 
whole  or  a  part  of  Canada.  It  is  also  possible  to  determine 
such  contours  either  for  a  user  specified  region  or  for  a 
preselected  region  .  For  convenience,  three  regions.  Eastern 
Canada,  Central  Canada  and  the  Prairie  Provinces,  have  been 
defined.  Figs.  20-39  show  attenuation  exceedance  contours 
for  such  regions  at  20,  30  and  44  GHz  for  the  indicated 
values  of  P. 

In  an  alternate  presentation,  the  attenuation  exceed¬ 
ance  results  are  displayed  in  a  latitude/longitude  table 
without  displaying  any  geographical  boundaries.  Two  sub¬ 
styles  are  available:  (1)  Numerical  Table,  (2)  Symbol  Map. 
In  a  Numerical  Table  ,  attenuation  exceeded  for  a  specified 
percentage  of  time  of  an  average  year  is  displayed  at  every 
degree  of  latitude  and  at  every  two  degrees  of  longitude  for 
a  region  which  is  14  degrees  wide  in  latitude  and  18  degrees 
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wide  in  longitude.  The  user  specifies  the  central  point  of 
the  region  through  its  latitude/longitude  coordinates  and  the 
program  builds  a  data  table  around  that  point.  Tables  3-50 
give  attenuation  exceedance  results  for  two  values  of  P  at 
20,  30  and  44  GHz.  Attenuation  values  of  -1  or  0  are  display¬ 
ed  for  locations  for  which  rain  information  is  not  available. 

Alternatively,  cross-Canada  coverage,  in  contrast  to 
a  limited  region  coverage,  giving  attenuation  exceeded  values 
is  available  through  a  Symbol  Map.  Data  presentation  capabi¬ 
lity  is  however  limited  in  this  mode.  Here,  each  symbol 
represents  a  range  of  attenuation  values  in  contrast  to  the 
actual  attenuation  exceeded  value  depicted  in  the  Numerical 
Tables.  Figs.  40-48  give  attenuation  exceedance  map  for 
Canada  for  three  values  of  P  at  20,  30  and  44  GHz. 

In  the  third  format,  the  attenuation  levels  exceeded 
for  a  specified  percentage  of  time  are  calculated  for  the  lo¬ 
cations  included  in  the  "city  database"  (see  Table  1)  in  five 
different  regions  in  Canada.  Simplified  coarse  maps  are  pro¬ 
duced  which  give  the  approximate  location  of  each  site  and 
the  corresponding  attenuation  exceedance  value  for  the 
specified  percentage  of  time.  Figs.  49-63  give  attenuation 
exceedance  values  for  such  locations  in  different  regions  in 
Canada  at  P  =  0.1%  of  an  average  year  at  20,  30  and  44  GHz. 

5.2  CANS  LAV 

"CANSLAV"  is  a  program  that  generates  one  way  link 
availability  Av  contours  with  a  given  link  margin  LM  to 
overcome  rain  fade  for  an  earth-satellite  path  in  an  EHF 
geostationary  link.  These  contours  can  be  plotted  in  two 
different  formats  for  most  of  Canada  for  any  combination  of 
the  following  parameters: 
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Link  Margin  LM  in  0-100  dB  range  to  overcome 
rain  fade; 

.  Link  Frequency  in  the  10-45  GHz  range; 

Satellite  Longitude  in  40°W-150°W  range. 

In  one  format,  contours  with  constant  values  of  sys¬ 
tem  availability  Av  are  displayed  for  the  whole  or  a  part  of 
Canada.  Figs.  64-66  give  link  availabilty  for  Canada  at  20, 
30  and  44  GHz  for  the  indicated  values  of  link  margin.  up  to 
five  different  availability  values  can  be  specified  on  one 
map.  As  in  Canslam,  it  is  also  possible  to  determine  such 
results  for  a  user  specified  region  or  for  a  preselected  re¬ 
gion.  For  convenience,  three  regions,  Eastern  Canada, 
Central  Canada  and  the  Prairie  Provinces,  have  been  selected. 
Figs.  67-78  show  link  availability  contours  for  such  regions 
at  20,  30  and  44  GHZ  for  the  indicated  values  of  link  margin. 

In  an  alternate  presentation,  probability  of  system 
availability  is  calculated  for  the  locations  in  five  regions 
in  Canada  which  are  included  in  the  "city  database".  Simpli¬ 
fied  coarse  maps  with  no  geographical  boundaries  are  produced 
and  approximate  location  of  each  site  is  indicated  on  the 
map.  Figs.  79-93  show  link  availability  for  these  locations 
at  20,  30  and  44  GHz  for  the  indicated  values  of  link  margin. 

6.0  DISCUSSION  AND  CONCLUSIONS 

The  main  purpose  of  this  work  was  to  assess  the 
extent  of  rain  attenuation  for  EHF  Satcom  in  Canada.  This 
goal  led  to  the  development  of  a  method  to  determine  rain 
attenuation  statistics  at  most  locations  below  70°  N  in 
Canada  for  an  EHF  Satcom  system  with  arbitrary  values  of  the 
link  parameters.  Geostationary  orbits  are  assumed  for  all 
results  in  this  work.  This  method  is  applicable  to  a  system 
with  non  geostationary  orbits  also  provided  the  elevation 
angle  is  calculated  independently  for  each  position  of  the 
satellite.  The  present  work  is  directly  applicable  to  the 
EHF  Satcom  system  which  is  being  studied  currently  for  the 


29 


Department  of  National  Defence.  The  representative  results 
included  in  this  report  are  only  meant  to  give  an  idea  of  the 
range  of  attenuation  levels  encountered  in  various  parts  of 
the  country. 

It  is  clear  from  these  results  that  an  EHF  Satcom 
system  is  quite  feasible  for  Canada  from  the  point  of  rain 
attenuation.  This  is  because  the  high  rainfall  rates  are 
limited  to  the  Eastern  region  and  a  part  of  the  Central 
region  of  the  country.  As  a  result,  in  general,  the  rain 
attenuation  is  high  in  parts  of  Eastern  and  Central  Canada 
and  gradually  decreases  as  one  moves  to  Western  and  Northern 
Canada.  The  rainfall  rates  and  rain  attenuation  are  parti¬ 
cularly  low  in  Northern  Canada. 

The  system  availability  values  range  from  low  values 
in  parts  of  Eastern  and  Central  Canada,  medium  values  in  Wes¬ 
tern  and  most  of  Central  Canada  and  high  values  in  Northern 
Canada.  For  example,  with  a  satellite  at  100°  W  longitude 
and  a  link  margin  of  16  dB,  system  availability  at  44  GHz 
(see  Figs.  66,  75-78)  is  better  than  99.9%  of  the  time  of  an 
average  year  in  all  regions  of  the  country  except  in  some 
Eastern  and  Central  areas.  In  Eastern  and  Central  Canada, 
maximum  attenuation  level  at  99.5%  availability  is  -  11  dB 
(see  Table  35).  There  is  insufficient  data  for  such  results 
for  the  Western  mountains.  Similarly,  at  20  GHz  and  a  satel¬ 
lite  at  100°W,  the  attenuation  exceedance  for  P  =  0.1%  is 
higher  than  6  dB  in  only  some  parts  of  Eastern  and  Central 
Canada  (see  Fig. 12  and  Tables  3,4).  Thus,  although  the  rain 
attenuation  increases  with  frequency  at  a  high  rate,  it  is 
overall  within  a  manageable  range  for  most  of  Canada.  For 
high  rain  rate  regions,  system  diversity  would  be  necessary 
to  achieve  higher  link  availability  with  feasible  values  of 
link  margin.  Reduction  in  rain  attenuation  in  such  regions 
can  also  be  obtained  by  placing  the  satellite  as  far  to  the 
East  as  is  permitted  by  other  system  considerations. 
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The  attenuation  exceedance  and  system  availability 
results  for  the  locations  included  in  the  "city  database"  are 
relatively  more  accurate  than  the  corresponding  results  men¬ 
tioned  elsewhere  in  the  report.  This  is  due  to  the  fact  that 
a  and  P^  for  these  sites  were  calculated  from  the  experimen¬ 
tal  rain  rate  data  at  those  locations  rather  than  from  the 
contours  of  a  and  Pq  for  the  whole  country.  Further,  the  al¬ 
titude  of  the  site  is  taken  into  account  in  the  calculations. 
The  calculated  rain  rate  exceedance  and  the  corresponding 
attenuation  results  at  such  sites  may,  however,  still  include 
a  small  error  resulting  from  the  use  of  the  power  law 
approximation  to  the  actual  rain  rate  distribution  (see 
Eq.(33)  and  Fig. 7).  Further  work  is  also  needed  to  calculate 
worst  month  rain  attenuation  statistics  from  these  results 
( 14,15] . 


Using  the  present  work,  it  is  planned  to  develop  a 
program  which  will  calculate  attenuation  statistics  for  a 
network  consisting  of  a  limited  number  of  stations  at  arbit¬ 
rary  locations  in  Canada.  It  would  be  useful  to  determine 
attenuation  statistics  for  the  whole  network  as  a  function  of 
various  system  parameters  such  as  satellite  longitude,  site 
diversity  characteristics,  frequency  etc.  This  may  be  of 
particular  interest  in  some  special  applications.  Further, 
it  may  be  possible  to  determine  the  rain  rate  exceedance  at 
any  probability  for  the  stations  with  rain  records  more  accu¬ 
rately  than  from  the  power  law  approximation  used  in  this 
work.  Worst  month  rain  attenuation  statistics  can  also  be 
calculated  for  these  stations. 
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TABLE  1 


VALUES  OF  THE  PARAMETERS  PQ  AND  a 
FOR  THE  RAINFALL  RECORDING  STATIONS 


Location 

(-a) 

(107  P„> 

Data 

1 

Calgary,  ALTA 

1 .68 

48 . 02 

10 

2 

Cambridge  Bay,  NWT 

1.760 

3.926 

5 

3 

Caplan,  QUE 

1.815 

67 .40 

9 

4 

Carmacks,  YT 

2.11 

6.026 

10 

5 

Central  Patricia,  ONT 

1 . 69 

83 . 34 

9 

6 

Churchill,  MAN 

2 . 49 

4.764 

10 

7 

Comox,  BC 

2.72 

4.655 

10 

8 

Dauphin,  MAN 

1.60 

83.92 

10 

9 

Edmonton,  ALTA 

1 .70 

69.67 

10 

10 

Fredericton,  NB 

1.695 

61.28 

10 

11 

Gagnon,  QUE 

2 .03 

33.53 

9 

12 

Gander,  NFLD 

2.14 

26.24 

10 

13 

Geraldton,  ONT 

1.70 

52.15 

10 

14 

Goose  Bay,  NFLD 

1 . 91 

27.24 

9 

15 

Halifax,  NS 

1.995 

148.4 

18 

16 

Hope ,  BC 

3.045 

2.764 

10 

17 

Kentville,  NS 

1.945 

97.91 

10 

18 

Kingston,  ONT 

1.75 

104.4 

10 

19 

London,  ONT 

1.69 

187.6 

20 

20 

Mission,  BC 

2.40 

19 . 02 

10 

21 

Montreal,  QUE 

1.663 

158.6 

10 

22 

Moosonee,  ONT 

1.84 

62 . 68 

6 

23 

Normandin,  QUE 

1.87 

50.04 

10 

24 

North  Bay,  ONT 

1.70 

163.2 

10 

25 

Ottawa,  ONT 

1.675 

151.9 

10 

26 

Poste  de  la  Baleine,  QUE 

2.115 

18.84 

5 

27 

Prince  Albert,  SASK 

1.67 

52.56 

10 

28 

Prince  George,  BC 

1.875 

28 .45 

10 

29 

Quebec,  QUE 

1.79 

160.4 

10 

30 

Regina,  SASK 

1.65 

75.18 

20 

31 

Saint  John,  NB 

1.915 

127.2 

10 

32 

St.  John's,  NFLD 

2.075 

95.57 

10 

33 

Sault  Ste.  Marie,  ONT 

1.71 

127 . 4 

10 

34 

Sioux  Lookout,  ONT 

1.695 

118.1 

10 

35 

Stephenville ,  NFLD 

2.21 

31.56 

7 

36 

Summerland,  BC 

2.290 

3.288 

4 

37 

Summerside,  PEI 

2.15 

22 .05 

9 

38 

Swift  Current,  SASK 

1.74 

46 . 36 

10 

39 

Sydney,  NS 

2.15 

58 .14 

10 

40 

Toronto,  ONT 

1.633 

140.9 

10 

41 

Uranium  City,  SASK 

2 . 00 

10.80 

10 

42 

Val  d ' Or ,  QUE 

1 . 705 

105.4 

10 

43 

Vancouver,  BC 

2 .713 

4.818 

10 

44 

Watino,  ALTA 

1.775 

22 .83 

9 

45 

Weyburn , SASK 

1.51 

85.95 

10 

46 

Windsor,  ONT 

1 . 50 

300.0 

10 

47 

Winnipeg,  MAN 

1 .  59 

142.0 

10 

34 


TABLE  2 


LATITUDE ,  LONGITUDE  AND  ALTITUDE 
OF  THE  RAINFALL  RECORDING  STATIONS 


Location 

Lat 

deg  min 

Long 
deg  min 

Altitude 

(m) 

1 

Calgary,  ALTA 

51 

06 

114 

01 

1079 

2 

Cambridge  Bay,  NWT 

69 

06 

105 

07 

23 

3 

Caplan,  QUE 

48 

06 

065 

39 

37 

4 

Carmacks,  YT 

62 

06 

136 

18 

5 

Central  Patricia,  ONT 

51 

30 

090 

09 

373 

6 

Churchill,  MAN 

58 

45 

094 

04 

35 

7 

Comox,  BC 

49 

43 

124 

54 

24 

8 

Dauphin,  MAN 

51 

06 

100 

03 

305 

9 

Edmonton,  ALTA 

53 

34 

113 

31 

677 

10 

Frede r icton ,  NB 

45 

55 

066 

37 

40 

11 

Gagnon,  QUE 

51 

57 

068 

08 

572 

12 

Gander,  NFLD 

48 

57 

054 

34 

147 

13 

Geraldton,  ONT 

49 

41 

086 

57 

330 

14 

Goose  Bay,  NFLD 

53 

19 

060 

25 

44 

15 

Halifax,  NS 

44 

38 

063 

30 

41 

16 

Hope ,  BC 

49 

23 

121 

26 

39 

17 

Kentville,  NS 

45 

04 

064 

29 

31 

18 

Kingston,  ONT 

44 

14 

076 

29 

104 

19 

London,  ONT 

43 

02 

081 

09 

278 

20 

Mission,  BC 

49 

09 

122 

16 

56 

21 

Montreal,  QUE 

45 

28 

073 

45 

30 

22 

Moosonee,  ONT 

51 

16 

080 

39 

10 

23 

Normandin , QUE 

48 

51 

072 

32 

137 

24 

North  Bay,  ONT 

46 

22 

079 

25 

369 

25 

Ottawa,  ONT 

45 

23 

075 

43 

126 

26 

Poste  de  la  Baleine,  QUE 

55 

17 

077 

46 

26 

27 

Prince  Albert,  SASK 

53 

13 

105 

41 

431 

28 

Prince  George,  BC 

53 

53 

122 

40 

676 

29 

Quebec,  QUE 

46 

48 

071 

23 

75 

30 

Regina,  SASK 

50 

26 

104 

40 

573 

31 

Saint  John,  NB 

45 

19 

065 

53 

107 

32 

St.  John's,  NFLD 

47 

37 

052 

45 

141 

33 

Sault  Ste.  Marie,  ONT 

46 

29 

084 

30 

347 

34 

Sioux  Lookout,  ONT 

50 

07 

091 

54 

374 

35 

Stephenville ,  NFLD 

48 

32 

058 

33 

13 

36 

Summerland,  BC 

49 

34 

119 

39 

454 

37 

Summerside,  PEI 

46 

26 

063 

50 

24 

38 

Swift  Current,  SASK 

50 

16 

107 

44 

816 

39 

Sydney,  NS 

46 

10 

060 

03 

60 

40 

Toronto,  ONT 

43 

41 

079 

38 

176 

41 

Uranium  City,  SASK 

59 

34 

108 

29 

312 

42 

Val  d ' Or ,  QUE 

48 

03 

077 

47 

338 

43 

Vancouver,  BC 

49 

11 

123 

10 

3 

44 

Watino,  ALTA 

55 

43 

117 

37 

45 

Weyburn , SASK 

49 

40 

103 

51 

567 

46 

Windsor,  ONT 

42 

16 

082 

58 

194 

47 

Winnipeg,  MAN 

49 

54 

097 

14 

240 

35 


Figs.  11-19 
(pages  36-44) 


Frequency 


20  GHz 


30  GHz 


44  GHz 


Rain  attenuation  exceedance  contours  for 
a  major  part  of  Canada  for  an  earth- 
satellite  path  in  a  geostationary  link  at 
20,  30  and  44  GHz  for  the  following 
values  of  P. 


The  legend  gives  the  attenuation  exceed¬ 
ance  values  for  the  contours.  The  longi¬ 
tude  of  the  satellite  is  100°  W  and 
there  is  no  site  diversity.  The  latitude 
and  longitude  of  the  boundaries  are  indi¬ 
cated.  The  min.  and  max.  attenuation  ex¬ 
ceedance  values  over  the  region  are  also 
shown . 


Percentage  P  of  time  of  an  average  year 
when  the  rain  attenuation  exceeds  the 
value  corresponding  to  a  contour. 


(1) 

P 

= 

0.5% 

(2) 

P 

= 

0.1% 

(3) 

P 

= 

0.01% 

(1) 

P 

s 

1.0% 

(2) 

P 

= 

0.5% 

(3) 

P 

= 

0.1% 

(1) 

P 

= 

1.0% 

(2) 

P 

= 

0.5% 

(3) 

P 

= 

0.1% 

LEGEND 
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Figs.  20-39 
(pages  46-65) 


Frequency 

20  GHz 

30  GHz 


Rain  attenuation  exceedance  contours  for 
four  selected  regions  in  Canada  for  an 
earth-satellite  path  in  a  geostationary 
link  at  20,  30  and  44  GHz  for  the  follow¬ 
ing  values  of  P. 


The  legend  gives  the  attenuation  excee¬ 
dance  values  for  the  contours.  The  lon¬ 
gitude  of  the  satellite  is  100°  W  and 
there  is  no  site  diversity.  The  latitude 
and  longitude  of  the  boundaries  are  indi¬ 
cated.  The  min.  and  max.  attenuation  ex¬ 
ceedance  values  over  the  region  are  also 
shown . 


Percentage  P  of  time  of  an  average  year 
when  the  rain  attenuation  exceeds  the 
value  corresponding  to  a  contour. 


(1)  P  =  0.5%  ; 

(2)  P  =  0.1%  . 

(1)  P  =  0.1%  ; 


44  GHz 


(1)  P  -  0.5%  ; 

(2)  P  =  0.1%  . 
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CANSLAH;  SLONGi  100*0  FREQ*  *  20.0  GHz  SITE  DIU. 
EXCEEDANCE  FOR  0.500X  OF  YR  HIN,NAXt  0.51,  3.87 
EAST  COAST  t  LONMN  74  LONMX  51  LATHN  43  LATMX 
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EXCEEDANCE  FOR  0.500*  OF  VR  MIN, MAX l  0.59,  2.20 
PRAIRIE  CAN.  LONMN  115  LONMX  89  LATMN  49  IATMX 
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CANSLAMt  SLONG:  100.0  FREQ. I  30.0  GHz  SITE  DIU. 
EXCEEDANCE  FOR  0.100X  OF  VR  MIN, MAX:  2.43,16.0? 
EAST  COAST:  LONMN  74  LONMX  51  LATMN  43  LATHX 
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CANSLAM ;  SLONG t  100.0  FREQ.:  30.0  GHz  SITE  DIU. 
EXCEEDANCE  FOR  0.100%  OF  YR  MIN, MAX  :  2.76,  9.33 
PRAIRIE  CAN.  LONMN  115  LONMX  89  LATMN  49  LATMX 
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CANSLAM t  SLONG:  100.0  FREQ.:  44.0  GHz  SITE  DIU. 
EXCEEDANCE  FOR  0.500%  OF  YR  f1IN,MAX:  2.08,11.83 
EAST  COAST:  LONNN  74  LONMX  51  LATNN  43  LATPIX 
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CANSLAfl  i  SLONG:  100*0  FREQ.t  44.0  GHz  SITE  DIU. 
EXCEEDANCE  FOR  0.100X  OF  YR  WIN, MAX*  4.97,14.78 
PRAIRIE  CAN.  LONPIN  115  LONPIX  89  LATPIN  49  LATNX 
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CANSLAN;  SLONG:  100.0  FREQ.:  44.0  GHz  SIT 
EXCEEDANCE  FOR  0.100*  OF  YR  f1IN,NAX:  4.5? 
USER  SPECIF.  LONMN  85  LONHX  52  LATNN  43 
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Tables  3-50 
(pages  67-114) 


Frequency 


20  GHz 


30  GHz 


Rain  attenuation  exceedance  values  for  a 
major  part  of  Canada  for  an  earth- 
satellite  path  in  a  geostationary  link  at 
20,  30  and  44  GHz  for  the  following 
values  of  P. 


Attenuation  exceedance  values  have  been 
calculated  at  every  degree  of  latitude  in 
41°N-70°N  range  and  at  every  two  degrees 
of  longitude  in  55°W-141°W  range.  Values 
of  -1  or  0  indicate  a  lack  of  data  at 
that  point. 


The  longitude  of  the  satellite  is  100°  W 
and  there  is  no  site  diversity.  The  min. 
and  max.  attenuation  exceedance  values 
over  the  region  are  also  shown. 


Percentage  P  of  time  of  an  average  year 
when  the  rain  attenuation  exceeds  the 
calculated  attenuation  value. 


(1) 

P  «  0.1% 

(2) 

P  -  0.01% 

(1) 

P  =  0.5% 

(2) 

P  =  0.1% 

44  GHz 


(1)  P  =  0.5% 

(2)  P  =  0.1% 
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Table  3 


*  *  Satallita  locatad  at  166.6  dag  long)  Fraqi  2M  OH*  * 

*  ATT.  TABLE  >  Sit*  divaraityi  M  j  alia  aaparation  dlat.  •  ka  > 

*  *  lataUaa  to  path  angla*  dag  * 

XXXtXXXXXXXXXXXX  Percentage  of  uaar  that  value*  ara  axcaadad*  6.166  * 

X  Attenuation  extreaai  Ain,  Nax  •  1.116,  1.566  (dB)  * 

t  * 

xtxxxxx  x  xxxttxxtxxxxxxxtxxxxxtxxxxxxtxxxxxxtxttxxxxxxxxxxtxxxxxxxxxxxxxx 

xxxtxtxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxtxxtxxttxxxxxtxxxxxxxxxxxxx 


X 


55-* 

2.65 

2.91 

2.98 

3.65 

3.66 

2.87 

2.96 

-1.66 

-1 

66 

-1.66 

S4-* 

3.27 

3.69 

3.16 

3.24 

3.19 

3.68 

3.18 

3.64 

-1 

66 

-1.66 

S3-* 

3.13 

3.32 

3.46 

3.48 

3.38 

3.46 

3.36 

3.26 

-1 

66 

-1.66 

sa-* 

3.45 

3.46 

3.54 

3.34 

3.55 

3.66 

3.56 

3.47 

1 

12 

-1.66 

L 

51-* 

3.56 

3.19 

3.26 

3.67 

3.41 

3.64 

3.75 

3.73 

2 

65 

-1.66 

A 

* 

T 

56-* 

3.76 

3.61 

3.69 

3.73 

3.97 

4.66 

3.94 

4.67 

4 

21 

4.37 

1 

* 

T 

49-* 

3. 55 

3.62 

3.77 

4.66 

4.11 

4.29 

4.56 

4.82 

4 

55 

4.35 

U 

S 

D 

46-* 

5.17 

5.35 

4.56 

4.66 

4.16 

2.62 

5.25 

5.36 

4 

85 

5.64 

E 

* 

( 

D 

47-* 

6.16 

6.72 

5.54 

4.83 

3.38 

3.16 

5.24 

5.25 

5 

43 

5.63 

46-* 

6.41 

6.28 

5.37 

4.83 

3.37 

3.79 

3.96 

6.23 

7 

74 

8.62 

E 

S 

0 

45-* 

6.39 

6.27 

6.85 

5.91 

6.47 

6.64 

6.84 

7.22 

7 

46 

-1.6# 

') 

44-* 

-1.66 

-1.66 

6.85 

7.44 

t.65 

8.27 

8.51 

-1.66 

-1 

66 

-1.66 

43-* 

-1.66 

-1.66 

-1.66 

7.44 

-1.66 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.66 

42-t 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.66 

41-5 

6.66 

6.66 

6.66 

6.66 

6.66 

6.66 

6.66 

6.66 

6 

66 

6.6# 

< 

73  71  69  67  65  63  61  59  57  55 


LOAGITUDE  (DEG.) 
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Table  4 


mitumimmmimmmmmtttiimiiuiimiuutmntuntt 
X  Satellite  located  at  189.9  deg  longj  Freg»  2M  OH*  t 
ATT.  TABLE  *  Site  diveraityi  N  j  aite  aeperation  diet.  •  M  ke  t 
X  laaaliae  to  path  angle*  M  deg  > 

imiiltuttiu  Percentage  of  gear  that  value*  are  exceMedt  9.199  X 
Attenuation  extranet  Pin,  Hex  ■  2.268,  6.M4  (dB)  t 


ixxisxxxtxtsixxxxxxixxxxxxxxxxxxsxixxxsxxxxxxxxxxxsissxxstxsxxx 

X  > 


ss-x 

a. a? 

2.55 

a.s7 

2.39 

2.32 

2.59 

2.63 

2.66 

2.71 

2.76 

* 

54-* 

3 .07 

2 . 79 

2.72 

2.S8 

2.69 

2.91 

2.94 

2.99 

3.15 

3.29 

* 

53-* 

3.71 

2.77 

3.19 

2.73 

3.95 

3.99 

3.13 

3.48 

3.53 

3.39 

X 

S2-X 

3.49 

3.72 

3.75 

3.12 

3.15 

3.18 

3.54 

3.59 

3.65 

3.58 

X 

L 

SI-X 

4.B4 

4.9E 

3.74 

3.14 

3.39 

3.54 

3.58 

3.63 

3.64 

3.79 

A 

X 

T 

se-x 

4.55 

4.95 

3.52 

3.76 

3.63 

3.81 

3.85 

4.31 

4.94 

3.49 

I 

X 

T 

49-x 

4.38 

4.95 

3.52 

3.94 

4.99 

4.36 

4.41 

4.85 

5.M 

5.M 

U 

X 

D 

48-X 

-l.M 

4.94 

3.51 

4.11 

4.37 

4.57 

4.62 

4.76 

4.69 

4.M 

E 

X 

47-X 

-l.M 

-l.M 

-l.M 

4.33 

4.37 

4.84 

4.99 

4.97 

5.95 

6.95 

( 

X 

D 

46-1 

-l.M 

-1.99 

-l.M 

-1.99 

4.64 

5.93 

5.19 

5.16 

5.95 

6.94 

E 

X 

C 

45-X 

-l.M 

-1.99 

-1.99 

-1.99 

5.16 

5.34 

5.41 

5.43 

5.95 

6.95 

X 

) 

44-X 

-l.M 

-l.M 

-1.99 

-1.98 

5.66 

5.72 

5.79 

5.61 

5.95 

6.95 

X 

43-X 

-1 

-l.M 

-1 .99 

-1.99 

6.89 

6.87 

5.79 

5.87 

5.95 

-1.99 

X 

42-X 

-l.M 

-1.99 

-1.99 

-1.99 

-1.99 

6.88 

6.96 

-1.98 

-1.99 

-1.99 

X 

41-X 

8.M 

9.99 

9.99 

9.99 

9.99 

9.99 

9.99 

9.99 

9.99 

9.99 

X 

XI 

r*«***i 

i 

ISSSStl 

1 

ISStttl 

1 

llttttl 

1 

xxttsx 

! 

ttstss 

i 

SSSttl 

1 

SSSttl 

» 

SSSttl 

>88*981 

! 

IS 

93 

91 

89 

87 

85 

83 

81 

79 

77 

75 

LONGITUDE  (DEO.) 
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Table  5 


*************** t*(*t***(****t**xx*****x**l((s<(***ts*(*t*xs***xx***x***t 
X  X  Satallita  locatad  at  1IM  dag  long;  Fraqi  28.8  CHs  > 
X  ATT.  TABLE  *  Slta  dlvaraityi  N  j  alia  aaparation  dlat.  •  B.B  ka  * 
X  X  Baaalina  to  path  aitgla*  1.1  dag  * 
ttUltitttttltlt  Pareaaiaga  of  uaar  ikat  valuaa  ara  axcaadadt  B.1BB  t 
X  Attanuatloa  axtraaai  Nla,  Ha*  •  2. BIS,  4. $41  (dl)  t 
«  * 
ttxxttttxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxtxxxxxxxxxxtxxxxxxxxxxxxxxxxx 


X  t 


SS-* 

3. 65 

3.4$ 

3.13 

3.12 

3.  IB 

2.75 

2.87 

3. BE 

3.B6 

2.69 

t 

54-* 

3.49 

3.47 

3.23 

2.91 

2.89 

3.88 

3.88 

3.B8 

2.74 

2.75 

* 

S3-* 

3.27 

3.25 

3.22 

2.9B 

2.88 

3.18 

3.47 

3.47 

3.48 

3.7B 

* 

52-* 

2.61 

3.24 

3.22 

2.89 

8.88 

3.47 

3.46 

3.74 

3.75 

3.61 

X 

L 

51-* 

2.43 

2.77 

8.75 

8.74 

8.74 

3.38 

3.59 

3.86 

3.86 

4.88 

A 

X 

T 

5B-* 

2.B2 

2.4$ 

2.69 

8.74 

8.74 

3.1$ 

3.47 

3.68 

4.84 

4.68 

I 

X 

T 

49-* 

2.2$ 

2.1$ 

8.  SB 

2.73 

8.42 

8.95 

3.47 

4.42 

4.59 

4.61 

U 

X 

D 

41-X 

-!.#• 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-1.88 

-l.BB 

-l.BB 

-l.BB 

E 

* 

47-* 

-1  .#• 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

( 

* 

D 

4S-* 

-1.9$ 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

E 

* 

C 

45-* 

-1  .$# 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

* 

) 

44-* 

-l.#$ 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

* 

43-* 

-l.BB 

-l.BB 

•l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

* 

42-* 

-1.88 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

S 

41-* 

I.M 

B.BB 

B.BB 

B.BB 

8.8$ 

B.BB 

B.BB 

B.BB 

B.BB 

B.BB 

* 

113 

111 

1B9 

1B7 

185 

183 

1B1 

99 

97 

95 

LONGITUDE  (DEC.) 
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Table  6 


nxxxxxxxixxxxxxxxxxxxtxxxxiixxxxxxxxxxxixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1  X  SiUllit*  locatad  at  199.9  dag  long)  Fraq»  2*.#  GHx  t 
<  ATT.  TABLE  X  Sita  dlvaraityt  H  j  alia  aaparatlo*  dial.  •  M  ka  X 
t  X  laaallna  to  path  aaglo*  M  dag  X 
ttXXXXXXXtXXXttX  Percahtago  of  uair  that  valuaa  ara  axcaadad'  I.1H  X 
X  Attaauatlo*  axtraaa*  Ria,  Rax  •  1*291,  3.529  (dt)  X 
X  * 
Xxxtxxtxtxxxxxxxxxxxxxtxxxxttxxxtxxxxxttxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxtxxxx 

X 


5S-X  -1.99  -1.99  -t.GG  1.53  1.3?  l.SS  2.12 

2.49 

2.29 

2.99 

54-1  -1.99  -1.0  -1.0  -1  .••  1.29  2.94  2.91 

2.22 

3.91 

3. S3 

2.39 

3.0 

3. 62 

52-X  -1.0  -1.0  -1.0  -1.0  -1.0  -1.0  1.24 

2.3? 

2.17 

2.13 

L 

Sl-X  -1.0  -1.0  -1.0  -1.0  -1.0  -1.0  1.24 

1.22 

2.33 

2.94 

A 

X 

1.22 

1.29 

T 

59-X  -1.0  -1.0  -1.0  -1.0  -1.0  -1.0  -1.0 

2.39 

I 

X 

T 

49-1  -1.0  -1.0  -1.99  -1.99  -1.99  2.99  -1.99 

1.23 

1.29 

1.99 

U 

X 

D 

49-X  -1.99  -1.99  -1.99  -1.99  -1.99  -1.99  -1.99 

-1.99 

-1.0 

-1.0 

E 

X 

( 

D 

47-X  -1.99  -1.0  -1.99  -1.99  -1.99  -1.99  -1.99 

-1.99 

-1.0 

-1.0 

46-X  -1.99  -1.99  -1.99  -1.99  -1.99  -1.99  -1.99 

-1.99 

-1.0 

-1.0 

E 

X 

C 

4S-X  -1.0  -1.0  -1.99  -1.99  -1.99  -1.99  -1.99 

-1.99 

-1.0 

-1.0 

0 

) 

-1.99 

-1.0 

-1.0 

-1.99 

-1.99 

-1.0 

-1.99 

-1.99 

-1.0 

41-X  9.99  9.99  9.99  9.99  9.0  9.99  9.99 

X 

9.99 

9.0 

9.0 

•  filial 

133  131  129  127  12S  123  121 

1 

119 

1 

117 

US 

LONGITUDE  (DCS.) 
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Table  7 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtx 

X  X  Satallita  (ocatod  at  199.9  dag  long;  Fraqi  29.9  CHi  t 


;  aita  aaparatio 
taaatiaa  to  pa 
Parcantaga  of  uaar  that  valuaa  ara 
traaai  Am,  Max 


1  ATT.  TAILE  < 

*  X 

xxtttxxxtxxtttsx 

X 
X 

xxxtxxxtxxxxtxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


Sita  divaraityi  N 

Parcantaga  of 
Attanuatioa  ax 


txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X 


dlat.  •  ka  X 

h  angla*  9-9  dag  X 
axcaadadi  l.tM  X 
• . 738,  2.893  (d>)  X 

X 

xxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxx 


u 

A 

T 

I 

T 

u 

D 

E 

< 

0 

E 

C 


78-X 

-1.88 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1 

•  t  “ 

1.99  -1 

99  -1.99 

69-1 

-1.98 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1 

1.99  -1 

99  -1.99 

68-X 

-1 .88 

-1.89 

-1.99 

-1.99 

-1.99 

-1.88 

-1 

99  - 

1.99  -1 

99  -1.99 

S7-X 

-1.99 

-1.98 

-1.88 

-1.88 

-1.99 

-1.99 

-1 

99  - 

1.99  -1 

99  -1.99 

66-  X 

-1.89 

-1.99 

-1.98 

-1.88 

-1.99 

-1.99 

-1 

99  - 

1.99  -1 

99  -1.99 

6S-X 

-1.88 

-1.88 

-1.99 

-1.99 

-1.99 

-1.99 

-1 

99  - 

1.99  -1 

99  -1.99 

64-* 

8.78 

8.75 

-1.99 

-1.99 

-1.99 

-1.99 

-1 

99  - 

1.99  -1 

99  -1.99 

63-X 

9.99 

9.92 

9.94 

8.77 

-1.99 

-1.89 

-1 

99  - 

1.99  -1 

99  -1.99 

62-X 

1.51 

1.21 

1.25 

9.94 

9.77 

9.99 

-1 

1.89  -1 

99  -1.99 

51  -X 

1.71 

1.73 

1.57 

1.98 

1.11 

1.28 

17  - 

1.99  -1 

99  -1.99 

68-X 

2.86 

1.99 

1.55 

1.42 

1.42 

2.99 

89 

1.18  -1 

99  -1.99 

59-* 

2.94 

2.19 

1 .82 

1.57 

2.92 

2.96 

2 

17 

2.12  2 

18  -1.99 

58-* 

2.14 

2.55 

2.37 

2.19 

2.99 

2.34 

2 

42 

2.38  2 

44  -1.89 

S7-X 

2.59 

2.32 

2.52 

2.33 

2.45 

2.59 

2 

65 

2.72  2 

67  2.75 

56-X 

2.51 

2.55 

2.67 

2.57 

2.82 

2.72 

2 

78 

2.86  2 

81  2.99 

XXXXXXXtXXXXXXXXXXXXXXXXXXXXXXXXXXXfXXXXXf xtxxxtxxxxxxxxxxxxxx 


I 

81 


I 

79 


I 

77 


I 

75 


I 

73 


I 

71 


i 

89 


i 

87 


i 

85 


i 

53 


LOtlGlTUK  (KG.) 
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Table  8 


*  Satallita  locatad  at  lit.#  dag  long)  Freqt  89. •  CH*  ; 
ATT.  TABLE  *  Sita  divaraityi  N  j  alta  aaparatlon  dlat.  *  l.l  ka 

*  Batalina  to  path  angla*  M  dag 
Ittlttltlttlttl  Parcaataga  of  gear  tkat  waluaa  ara  axcaadadi  t.lll 

Attanxatloa  axtraaai  Ala.  Rax  •  l.tli,  E.796  (dl) 

******** tt*t***t(t*X*tt(*XStt*t*«*<X**(**tt***Xttl*t((t*XtX*(XtttX*Xt( 

***********  ******  *********** tt*tttttt*txx*txtxtttxxt*t**tttttxt 


t  t 


70-* 

-l.M 

-l.M 

-l.M 

-l.M 

-l.M 

-l.M 

-l.M 

-l.M 

-l.M 

-l.M 

t 

69  - 1 

-l.M 

-1  .•• 

-l.M 

•  .58 

-l.M 

- 1 .  •• 

-l.M 

-l.M 

-l.M 

-l.M 

> 

68* 

•  .65 

•  .51 

•  .66 

«.S1 

•  .61 

•  .51 

-l.M 

-l.M 

-l.M 

-l.M 

« 

67-* 

•  •71 

•  .71 

•  .71 

•  .56 

•  .56 

•  .57 

-l.M 

-1.68 

-l.M 

-l.M 

( 

L 

66* 

•  .94 

•  .88 

«.B« 

•  .64 

«.S1 

•  .66 

-l.M 

-l.M 

-l.M 

-l.M 

A 

t 

T 

6S-* 

l  .98 

l.M 

1.88 

•  .87 

•  .88 

•  .88 

•  .71 

•  .78 

-l.M 

-l.M 

I 

* 

T 

64-* 

l.M 

l.M 

1.88 

1.15 

1.15 

1.16 

•  .96 

•  .71 

•  .78 

•  .73 

U 

( 

D 

63-* 

1.88 

1 . 14 

1.43 

1.44 

1.44 

1.45 

1.88 

1.48 

.  .84 

1.86 

E 

* 

68-* 

1.43 

1.88 

1 .61 

1.48 

1.59 

1 .59 

1.61 

1.68 

1.37 

1.84 

( 

* 

D 

61-* 

1.85 

1.48 

1.6* 

1.56 

1.78 

1.79 

1.59 

1.61 

1.68 

1.64 

E 

* 

0 

H-t 

1.37 

1.31 

1.75 

1.76 

1.76 

1.77 

1.79 

1 .  •• 

1.61 

1.84 

a 

* 

) 

59-* 

1  .S7 

1.47 

1.74 

1.74 

1.93 

1.94 

1  .96 

1.97 

1.99 

8.61 

* 

58-* 

1.56 

1.56 

1.56 

8.37 

1.74 

1.75 

1.76 

1.96 

1.98 

8.31 

t 

57-* 

8.54 

8.54 

8.85 

1.55 

1.56 

1.97 

8.39 

8.41 

8.44 

8.47 

t 

56-  * 

8.69 

8.86 

8.53 

8.54 

8.18 

8.87 

8.89 

8 . 8* 

8.45 

8.48 

* 

(1 

It****) 

(X*tt! 

!****» 

*ttttl 

*tlt*l 

**((*! 

ts*tt*l 

»****« 

*(***! 

***»*! 

It 

1*1 

99 

87 

1 

85 

1 

93 

1 

91 

1 

89 

1 

•7 

1 

85 

1 

S3 

LONGITUDE  (DEO.) 


73 


Table  9 


************************ XXXXXXXXXXXXXXXXXtXXXXXXXXtXXXXXXXXXXXXXtXXXXXXX 


X  X 

X  ATT.  TA8LE  * 

«  < 

xxxxxxxxxxxx xxxx 
« 
t 


Satellite  locatad  at  1IM  dag  long)  Fragi  29.9  QHi  t 
Slia  dlwaraltyi  N  j  alt*  aaparatlon  diat.  •  M  ka  t 

•aaalina  to  path  angla*  9.9  dag  t 
Parcantaga  of  uaar  that  wa l uaa  ara  axeaad ad*  9.199  X 

Attanualion  axtraaa)  Pin,  Rax  •  9.647,  3.115  <dt>  t 

* 


xtxxtxxxxtxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxtxxxxxxxxxxxxxtx 


XX XXXXXXXXXXXX XXXX XXXX XXXXXXXXXXX XX XXXXXXX XX xxxxxxxxxxxxxxxxxxx 


X  X 


79-* 

-1.99 

-1.99 

-1.99 

-1.99 

-1.96 

-1.99 

-1.66 

-1.96 

-1.99 

-1.99 

* 

69-* 

9.99 

9.97 

9.95 

9.84 

9.93 

9.92 

-1.96 

9.79 

-1.69 

-1.69 

t 

68-* 

1.97 

1.17 

1.1$ 

1.13 

1.91 

1.96 

9.99 

9.77 

9.77 

9.65 

* 

67-* 

1.31 

1  .29 

1.27 

1.25 

1.12 

1.11 

1.16 

1.93 

9.99 

9.99 

X 

L 

66-* 

1.49 

1.59 

1.48 

1.46 

1.33 

1.19 

1.18 

1.17 

1.64 

1.93 

A 

* 

T 

65-* 

1.58 

1.55 

1  .S3 

1.51 

1.31 

1.37 

1.23 

1.22 

1.22 

1.92 

I 

* 

T 

64-* 

1.89 

1.77 

1.74 

'J 

IU 

1.48 

1.58 

1.34 

1.21 

1.29 

1.29 

U 

t 

D 

63-* 

1.88 

1.86 

1.83 

1.76 

1.68 

1.67 

1.55 

1.42 

1.29 

1.29 

E 

* 

63-* 

1.83 

1.81 

1.78 

1.66 

1.77 

1.63 

1.64 

1.52 

1.49 

1.44 

< 

* 

D 

61-* 

1.91 

1.66 

1.68 

1.66 

1.64 

1.63 

1.69 

1.59 

1.49 

1.38 

E 

( 

G 

69-* 

1.91 

1.88 

1.78 

2.95 

2.93 

1.61 

1.69 

1.59 

1.67 

1.47 

• 

* 

) 

58-* 

1.95 

1.98 

1.89 

2.12 

2.19 

1.84 

1 .91 

2.94 

1.57 

1.67 

* 

58-* 

1.92 

2.91 

1.88 

2.39 

2.37 

2.36 

2.28 

2.27 

2.93 

A) 

<u 

* 

57-* 

2.93 

2.17 

2.14 

2.36 

2.34 

2.32 

2.39 

2.29 

2.56 

2.54 

s 

56-* 

2.13 

2.21 

2.38 

2.18 

2.97 

2.95 

3.12 

3.19 

3.99 

3.68 

S 

*1 

:**«**! 

!**>**! 

:***«* 

:**((*! 

ItUltl 

:***>*! 

[****<! 

!*as**i 

!(****« 

18****1 

t* 

1 

121 

119 

1 

117 

• 

115 

1 

113 

1 

111 

1 

IW 

1 

1#7 

1 

its 

1 

1#3 

LONGITUDE  (DEG.) 
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Table  10 


*  Satellite  located  at  199.9  Sag  long;  Froq*  il.t  QHa  * 
ATT.  TABLE  S  8 1 ta  diversity*  N  j  site  separation  diet.  •  M  ka  a 
S  Baseline  te  palk  angle*  M  deg  * 

***************  Percentage  of  year  tkat  valves  are  exceeded*  I.1M  > 
Attenuation  ex trees i  Ain,  Rax  •  1.M5,  1.937  (dB)  t 

* 

xxixxxxtxttxxixtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxtxxxxxxx 

xxxxxxxxxxxxxxtxxxxxxtxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxtxxtxxxxtxx 


t  t 


7B-* 

-1 

.M 

-1.99 

-1 

.99 

-1.99 

-1.99 

-1.99 

-1 

99 

-I 

99 

-1.99 

-1.99 

< 

69-* 

.83 

1.75 

.68 

1.62 

1.57 

1.52 

48 

45 

1.41 

1.99 

* 

68-1 

.77 

1.79 

.63 

l.St 

1.53 

1.48 

44 

41 

1.38 

1.99 

S 

67-8 

.72 

1.65 

.59 

1.54 

1.49 

1.69 

56 

52 

1.49 

1.34 

* 

L 

66-1 

.68 

1.61 

.72 

1.66 

1.61 

1.57 

53 

49 

1.46 

1.43 

A 

t 

T 

6S-* 

-1 

.99 

1.58 

.68 

1.63 

1.58 

1.67 

63 

69 

1.66 

1.53 

I 

* 

T 

64-* 

-1 

.99 

1.55 

.56 

1.74 

1.69 

1.77 

72 

68 

1.73 

1.79 

U 

t 

0 

63-* 

-1 

.99 

1.52 

.53 

1.49 

1.79 

1.85 

81 

77 

1.82 

1.79 

E 

* 

62-* 

-1 

.99 

-1.99 

.63 

1.58 

1.74 

1.94 

89 

86 

1.81 

1.78 

( 

* 

B 

61-* 

-1 

.99 

-1.99 

.83 

1.77 

1.72 

1.68 

87 

83 

1.79 

1.85 

E 

* 

0 

69-* 

-1 

.99 

-1.99 

-1 

.99 

1.75 

1.79 

1.66 

62 

69 

1.55 

1.69 

• 

* 

) 

59-* 

-1 

.99 

-1.99 

-1 

.99 

-1.89 

1.69 

1.65 

61 

67 

1.63 

1.76 

( 

58-* 

-1 

.99 

-1.99 

-X 

.99 

-1.99 

-1.99 

1.63 

59 

56 

1.61 

1.82 

* 

57-* 

-1 

.99 

-1.89 

- 1 

.99 

-1.99 

-1.99 

-1.99 

58 

63 

1.46 

1.88 

* 

56-* 

“1 

.99 

-1.99 

-1 

.99 

-1.99 

-1.99 

-1.99 

-x 

99 

62 

1.53 

1.79 

* 

*1 

*** 

**« 

ItltUl 

*** 

***1 

ittmi 

rtts**i 

!***SX1 

** 

MSI 

SS 

MSI 

SSSSS1 

SSSSS1 

IS 

1 

141 

1 

139 

137 

1 

13$ 

1 

133 

1 

131 

i 

129 

1 

127 

! 

125 

1 

123 

LONGITUDE  (DEC.) 
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Table  11 


tttttMxtxxx************************************************************ 
t  t  SiUlliti  locatad  at  199.9  dag  long)  Fraqi  29.9  GH*  * 
(  ATT.  TABLE  S  Slia  divaraitg*  H  j  alia  aaparation  dial.  •  *.*  ka  > 
X  X  laaallna  to  path  angla*  8.9  dag  t 
xxttxxxtxxxxtxx*  Parcaataga  of  uaar  tkat  valuaa  ara  axcaadadi  Mil  t 
X  Attanvation  axlraaai  Bin,  Bax  •  2.915,  22.218  (dB)  t 
s  * 
********** x************************************************************* 


*xxx*xxxi**xxsx**sxs*****t**sx*(***s***«****s***x*x************ 


*  * 

55-*  6.91  7.69  7.78  7.97  8.99  7. SI  7.74  -1.99  -1.99  -1.99  * 

*  * 

54-*  8. S3  8.97  8.26  8.46  8.33  8.95  8.39  7.9S  -1.99  -1.99  * 

*  * 

S3-*  8.18  8.67  8.87  9.99  8.82  8.89  8.63  8. S3  -1.99  -1.99  t 

S  * 

S2-*  9.99  9.9S  9.25  8.72  9.29  9.S5  9.31  9.96  2.92  -1.99  < 

(  > 

L  S1-*  9. IS  8.33  8.52  9.59  8.91  9.51  9.89  9.75  6.93  -1.99  B 

A  *  * 

T  59-*  9.82  9.43  9.64  9.75  19.38  19.44  19.39  19.63  11.99  11.41  * 

I  *  • 

T  49-*  9.27  9.45  9.8S  19.46  19.73  11.29  11.91  12.58  11.99  11.36  * 

U  *  * 

0  48-*  13.59  13.98  11.76  19.44  19.79  6.84  13.71  13.85  12.67  14.74  * 

E  *  * 

47-*  16.99  17.55  14.48  12.62  8.82  9.92  13.68  13.71  14.18  14.69  * 

(  *  * 

D  46-*  16. 7S  16.49  14.94  12.61  8.81  9.91  19.29  16.28  29.22  29.96  * 

E  *  * 

G  45-*  16.79  16.39  17.99  15.44  16.99  17.35  17. 8S  18.87  19,58  -1.99  * 

S  * 

)  44-*  -1.99  -1.99  17.99  19.44  21.93  21.68  22.22  -1.99  -1.99  -1.99  * 

*  t 

43-*  -1.99  -1.99  -1.99  19.45  -1.99  -1.99  -1.99  -1.99  -1.99  -1.99  S 

*  * 

42-*  -1.99  -1.99  -1.99  -1.98  -1.99  -1.88  -1.89  -1.98  -1.88  -1.88  * 

*  * 

41-*  9.99  9.99  9.99  9.99  9.99  9.99  9.99  9.99  9.99  9.99  S 

*  * 

* tt**tx **************** (S********************** (*************** 

I  I  I  I  I  I  I  I  I  I 

73  71  69  67  65  63  61  59  57  65 


L0BGITU9E  (DEG.) 
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Table  12 


xxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxtxxxxxxx 

X  X  Satellite  located  at  1H.I  deg  long;  Freq)  2(.t  BHi  X 

x  ATT.  TABLE  (  Site  diversity >  N  j  aita  separation  diet.  ■  Ice  t 

S  X  Baseline  to  path  angle*  M  deg  t 

XXXXXXXXXXXXXXXX  Percentage  of  uear  that  values  areexcaededi  A. BIB 

trees i 


Atteneatlon  ex 


Ala,  Aax 


5.924,  12.192  (dB>  t 
t 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


ttmtti 

< 

*****1 

[*<***] 

l(**X*l 

IXMXXI 

tssxxxi 

ttt 

t**1 

IX* 

txxi 

IXX 

txxi 

ixtxxxi 

IX 

5S-*  5.92 

6.66 

6.7B 

6.BB 

6.B6 

6.77 

86 

96 

97 

7.2B 

« 

54-*  8.92 

7. #5 

7. IB 

6.73 

6.8B 

7 .68 

69 

SB 

23 

8.37 

t 

53-*  9.7# 

7.23 

2. IB 

7.14 

7.98 

8 .87 

17 

BS 

22 

8.87 

t 

52-*  9.12 

9.73 

9.79 

8.14 

8.22 

8.31 

25 

38 

53 

9.35 

( 

L 

51-*  IB. 55 

1B.6B 

9.77 

8. 28 

8.63 

9.25 

36 

49 

SB 

9.66 

A 

* 

T 

5B-S  11. as 

IB.  59 

9.2B 

9.83 

9.48 

9.94 

IB 

B7 

11 

26 

IB 

55 

9.12 

1 

* 

T 

49-*  11.45 

1B.S7 

9.18 

IB.  28 

IB. 88 

11.38 

It 

52 

12 

66 

13 

BS 

13.27 

U 

X 

D 

48-*  -l.BB 

IB. 56 

9.18 

18.72 

11.41 

11.93 

12 

BS 

12 

44 

12 

82 

18.22 

E 

* 

47-*  -l.BB 

-l.BB 

-l.BB 

11. 3B 

11.41 

12.65 

12 

81 

12 

98 

IS 

54 

15. SB 

< 

* 

D 

46-*  -l.BB 

-l.BB 

-l.BB 

-l.BB 

12.12 

13.15 

13 

31 

13 

49 

IS 

54 

15.77 

E 

* 

C 

• 

• 

1 

M 

1 

U> 

♦ 

-l.BB 

-l.BB 

-l.BB 

13.48 

13.96 

14 

13 

14 

19 

IS 

54 

16.79 

• 

* 

) 

44-*  -l.BB 

-l.BB 

-l.BB 

-l.BB 

14.78 

14.94 

16 

11 

14 

66 

15 

54 

16.79 

* 

43-*  -l.M 

-l.BB 

-l.BB 

-l.BB 

17.77 

17.96 

IS 

13 

IS 

33 

15 

55 

-l.BB 

42-*  -l.BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

17.98 

18 

19 

.1 

BB 

.« 

BB 

-l.BB 

* 

41-1  Ml 

B.BB 

B.BB 

B.BB 

B.BB 

B.BB 

B 

BB 

BB 

BB 

B.BB 

S***8*X88*X*XX818**XX***X8*88SSX**tX*X*SX**SS8XX***8**SXXXX*XXX 

93 

91 

89 

87 

85 

83 

81 

79 

77 

?s 

LONGITUDE  (DEB. > 


77 


Table  13 


asssssassxsssassssasssssssstsssassssssssssssasssssssssssassasaasssasasaa 

>  t  Satellite  located  at  UM  daf  long*  Fr*q'  2M  CM*  X 

Site  dlvaraitg*  H  j  alta  separation  dlat.  •  M  ka  t 
taaallna  to  patk  angle*  8.8  dag  I 
Percentage  of  uear  tkat  values  are  exeeedodi  MU  S 
Attenuation  axtreaai  Ain,  Rax  •  5.265,  12.144  (d>)  t 

*  S 

axxxtaxttttxtttsttsssassssaassssssssaesssssssstsssssassssssssssssssssass 


X  ATT.  TABLE  * 
>  S 

xxixxtxxxxxxxxxi 

X 


ttxxxtxtxxxxtxxxtxxxxxxxxxxxxxxxxxxxxxxxtxtxxxxxxxxxxxxxxxxxxxx 

X  x 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

M  * 
S 


ss-a 

9. S3 

9.S9 

8.18 

8.14 

8. IS 

7. 86 

7.51  7.99  8 

.66 

7. 

54-a 

9.13 

9.SS 

8. 45 

7.59 

7.56 

8.66 

S.S4  8.S4  7 

.17 

7. 

S3-a 

8.S5 

S.4S 

8.42 

7. 57 

7.53 

9.38 

9. 87  9.S7  9 

.89 

9. 

S2-a 

6.13 

9.46 

8. 48 

7.54 

7.51 

9. 96 

9. 95  9.79  9 

.79 

9. 

L 

A 

51-S 

a 

6.34 

7.84 

7.88 

7.16 

7.16 

8.67 

9.38  IS. 97  IS 

.89  IS. 

T 

I 

ss-a 

a 

S.26 

6.27 

7. S3 

7.14 

7.15 

8.18 

9. SC  9.46  18 

.64  18. 

T 

U 

49-a 

a 

S.9S 

5.49 

6.58 

7.14 

6.31 

7.78 

9. 95  11.64  11 

.99  18. 

D 

E 

4«-a 

a 

-  1  o  II 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS  -l.SS  -1 

.89  -1. 

( 

47-a 

a 

-  1  o  #0 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS  -l.SS  -1 

.88 

-1. 

D 

E 

46-a 

a 

- 1  o  #9 

-l.SS 

-l.SS 

-l.SS 

-1 .66 

-l.SS 

-l.SS  -l.SS  -1 

.88  -1. 

G 

4S-* 

-1  o  90 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS  -l.SS  -1 

.98 

-1. 

) 

44-1 

-1 0  00 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS  -l.SS  -1 

.88  -1. 

43-* 

-1  o  90 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS  -l.SS  -1 

.88  -1. 

42-1 

-  i  o  00 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS 

-l.SS  -l.SS  -1 

.88  -1. 

41-a 

s.ss 

s.ss 

s.ss 

S.SS 

s.ss 

s.ss 

s.ss  s.ss  s 

.88 

S. 

i  !  i  !  I  I  i  t  i  ( 

113  111  1ST  IS?  1S5  1S3  1S1  89  97  9S 


LONGITUDE  (BEG.) 
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Table  14 


miifuimttmmmttittiiiitnmtmxmmmmitimmtmim 
x  *  Satellite  located  at  199-9  deg  long;  Preq«  2* . •  CHi  > 
t  ATT.  TAILS  *  Site  diversity;  N  j  aite  separation  diet.  •  #.6  ke  t 
t  X  laselina  to  path  angle*  l-t  deg  * 
mttltttttltttl  Percentage  of  gear  that  valuea  are  exceeded!  9.919  S 
X  Attenuation  extraaet  Ain.  Bax  •  3.136.  9.21?  <di>  * 
*  * 
tiusimttmumiimmmtittiuitiimttmmttiiitiuiitttisitti 


mittimtiiiitimtttitiimmimmmmtmmitmmt 

« 


S5-*  -1.66  -l.M  -1.99  4.99  3 . 59  4.99  S.SS 

6.26 

5.74 

7.89  1 

j 

S4-*  -1.99  -1.99  -1.99  -1.99  3.37  6.89  S.24 

5.79 

7.86 

9.22  1 

J 

S3-*  -1.99  -1.99  -1.99  -1.99  -1.99  -1.99  4.93 

6.21 

7.83 

9.18  1 

J 

S2-*  -1.99  -1.99  -1.99  -1.99  -1.99  -1.99  3.24 

6.19 

5.68 

7.39  1 

3 

L 

3.19 

6.99 

5.32  1 

A 

( 

T 

1 

7 

3.18 

3.14 

6.92  1 

j 

g 

49-*  -1.99  -1.99  -1.99  -1.99  -1.99  5.45  -1.99 

3.21 

3.14 

4.71  1 

U 

* 

0 

48-*  -1.99  -1.99  -1.99  -1.99  -1.99  -1.99  -1.99 

-1.99 

-1.99 

-1.99 

E 

S 

-1.99 

-1.99 

-1.99 

( 

* 

0 

-1.99 

-1.99 

-1.99 

E 

* 

G 

g 

-1.99 

-1.99 

-1.99 

J 

e 

i 

-1.99 

-1.99 

-1.99  i 

3 

g 

g 

-1.99 

-1.99 

-1.99  l 

] 

g 

-1.99 

-1.99 

-1.99 

; 

* 

9.99 

9.99 

9.99 

*M**t((**t(**S(f**(tttXttftt**(ttt(SX**t***S*(ttt(*tt**(S**(*: 

i  i  i  i  i  i  i  i  i  a 

133  131  129  12?  125  123  121 

119 

117 

115 

LON'  *  JOE  (DCQ. > 
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Table  15 


********** ***************** ***********(******* ****************** ******** 
X  t  Satallit*  located  at  lit.*  dag  long)  Fraqi  89. •  6Hc  * 

Site  dlveraltu>  N  j  alta  separation  dial.  •  M  lea  t 

BaaaUna  to  path  angle"  M  dag  * 


ATT .  TABLE  * 
* 


XttXXXXXXXXXXXXX  Percentage  of  jaar  that  values  ara  exceeded*  6.616  * 

t  Attenuation  ex  trees i  Ain,  Rax  •  1.987.  7.66a  (dB)  I 

*  * 
xtxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxtxxxxxtx 

txxxxxxxxxxtxxxxxxxxxxxxtxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxi 

X 


76-* 

-!.#• 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.66 

-1 

.66  -1.66 

G9-* 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.66 

-1 

.66  -1.66 

68-* 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.66 

-l 

.66  -1.66 

67-* 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.66 

-1 

.66  -1.66 

L 

66-* 

-1 .66 

-1.69 

-1.66 

-1.69 

-1.66 

-1.66 

-  1 

66 

-1.66 

•  l 

.66  -1.66 

A 

* 

T 

65-* 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.66 

-I 

.66  -1.66 

I 

* 

T 

M-l 

1.93 

1.96 

-1.66 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.66 

-1 

.66  -1.66 

U 

S 

D 

63-* 

8.58 

8.41 

8.45 

8.66 

-1.66 

-1.66 

-J 

66 

-1.66 

.66  -1.66 

E 

* 

68-* 

3.95 

3.16 

3.86 

8.46 

8.68 

8.57 

-1 

66 

-1.66 

-1 

.66  -1.66 

D 

61  -* 

4.46 

4.58 

4.69 

8.83 

8.89 

3.35 

3 

64 

-1.66 

.  4 

.66  -1.66 

E 

X 

G 

68-* 

5.37 

4.96 

4.6S 

3.76 

3.78 

5.44 

4 

95 

3.69 

-1 

.66  -1.66 

j 

59-1 

5.33 

5.78 

4.74 

4.69 

5.87 

5.39 

5 

67 

5.55 

5 

.71  -1.66 

58-1 

5.59 

6.67 

6.19 

5.71 

5.47 

6.18 

6 

33 

6.81 

6 

.38  -1.66 

57-* 

6.53 

6.65 

6.59 

6.68 

6.46 

6.76 

6 

98 

7.69 

6 

.98  7.19 

66- * 

6.56 

6.66 

6.98 

6.71 

7.38 

7.16 

7 

87 

7.46 

7 

.34  7.56 

********************** «****((«**** «tS*tB*t**t**t*t»tB*t*S***l 

81 

79 

77 

75 

73 

71 

69 

67 

65  63 
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Table  16 


tittmtiitmuiittiiitiiiKitmtiiiitttmuitmmmmmmiiiii 

X  X  Satellite  located  at  ltl.t  dag  long)  Freqi  29.0  GHx  X 

X  ATT.  TAILS  X  Site  dlveraltyi  N  j  alia  separation  dlai.  •  0.0  k«  X 

X  X  laaellne  io  pain  angle*  0.9  dag  X 

XXXXXXXXXXXXXXXX  Parcaniaga  of  yaar  that  values  ara  exceeded*  9.910  X 

X  Attenuation  extresn  Pin,  Max  •  1.321,  7.395  (dl>  X 

X  X 

XXXXXXXXXXXXXXXX  XXX  XXXXXXXXXXX  XXX  xxxxxxxxxxtxxxxsxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X 


L 

A 

T 

I 

T 

u 

D 

E 

( 

D 

E 

e 


70-X 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00  X 

69-X 

-1.00 

-1.00 

-1.00 

1.36 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00  X 

X 

S8-X 

1.69 

1.32 

1.69 

1.33 

1.33 

1.34 

-1.00 

-1.00 

-1.00 

-1.00  X 

X 

67-X 

1.85 

1.85 

1.85 

1.47 

1.48 

1.49 

-1.00 

-1.00 

-1.00 

-1.00  X 

X 

66-X 

2.46 

2.99 

2.09 

1.68 

2.11 

1.69 

-1.99 

-1.00 

-1.00 

-1.00  X 

X 

G5-X 

2.65 

2.66 

2.66 

2.28 

2.29 

2.31 

1.87 

1.88 

-1.00 

-1.00  X 

X 

64-X 

2.77 

2.77 

3.19 

2.99 

3.91 

3.03 

2.50 

1.86 

1.88 

1.99  X 

X 

63-X 

3.34 

2.98 

3.74 

3.75 

3.77 

3.79 

3.18 

3.86 

3.25 

3.29  X 

62-X 

3.75 

3.36 

4.22 

3.71 

4.14 

4.17 

4.29 

4.23 

3.59 

3.25  X 

X 

61  -t 

t 

3.28 

3.71 

4.17 

4.08 

4.65 

4.67 

4.16 

4.19 

4.24 

4.29  X 

6i-« 

t 

3.58 

3.42 

4.58 

4.59 

4.61 

4.63 

4.67 

4.71 

4.20 

4.81  X 

5M 

2 

4.99 

3.83 

4.S4 

4.56 

5.93 

5.96 

5.10 

5.14 

5.20 

5.26  X 

58-* 

2 

4.07 

4.97 

4.07 

6.19 

4.54 

4.57 

4.69 

5.11 

5.16 

6.04  X 

57-* 

2 

6.63 

6.63 

5.89 

4.06 

4.98 

5.14 

6.25 

6.31 

6.37 

6.44  X 

56-* 

7.02 

5.90 

6.69 

6.62 

5.28 

5.93 

5.97 

7.30 

6.49 

6.48  X 

•  * 

101 

99 

97 

95 

93 

91 

89 

87 

95 

S3 

LONGITUDE  (DEG.) 
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Table  17 


XXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
X  s  SiUUiU  located  at  199.9  dag  long;  Fraq»  21.9  GMx  X 
X  ATT.  TABLE  X  Site  dlvaraltyi  N  j  alia  aaparatloa  dial.  •  M  ka  X 
X  x  leaa.lna  to  path  ana  la*  M  dag  X 
XXXXXXXXXXXXXXXX  Percentage  of  uaer  that  value#  ara  exceeded!  l.lll  X 


Attenuation  axiraaai  Ala.  Nax  *  1.CS9, 


t. 137  <dB>  X 
X 


XXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


XXXXXX XXX XXXXXXXXXXXXXXXX I XXSXtXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


79-X 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

X 

69-X 

2.57 

2.53 

2.49 

2.46 

2.43 

2.49 

-1.99 

2.97 

-1.99 

-1.99 

X 

68-X 

2.78 

3.94 

3.99 

2.96 

2.63 

2.69 

2.58 

2.92 

2.91 

1.69 

X 

67-X 

3.43 

3.37 

3.32 

3.2f 

2.93 

2.99 

2.88 

2.68 

2.35 

2.35 

X 

L 

66- X 

3.66 

3.92 

3.86 

3.81 

3.47 

3.11 

3.99 

3.97 

2.71 

2.79 

A 

X 

T 

65- X 

4.13 

4.96 

4.99 

3.95 

3.41 

3.57 

3.22 

3.29 

3.18 

2.66 

I 

X 

T 

64-1 

4.79 

4.62 

4.56 

4.59 

3.86 

4.12 

3.49 

3.16 

3.14 

3.13 

U 

X 

D 

63-X 

4.92 

4.85 

4.78 

4.44 

4.49 

4.36 

4.94 

3.71 

3.36 

3.35 

E 

X 

62-X 

4.79 

4.72 

4.65 

4.35 

4.62 

4.26 

4.28 

3.97 

3.65 

3.75 

( 

X 

D 

61-X 

4.98 

4.33 

4.39 

4.33 

4.29 

4.25 

4.19 

3.91 

3.99 

3.69 

E 

X 

G 

69-X 

4.99 

4.92 

4.66 

5.35 

5.39 

4.21 

4.18 

4.16 

4.35 

m 

m 

a 

X 

) 

59-t 

t 

5.98 

5.18 

4.94 

5.55 

5.49 

4.79 

S.99 

5.32 

4.11 

4.19 

58-X 

5.91 

5.25 

4.92 

6.25 

6.19 

6.99 

5.96 

5.92 

5.32 

5.55 

X 

57-X 

5.29 

5.66 

5.59 

6.17 

6.11 

6.96 

6.92 

S.9S 

6.66 

6.64 

X 

S6-X 

S.S6 

5.77 

6.21 

5.71 

7.77 

7.79 

8.14 

8.99 

8.96 

8.94 

X 

XX 

tttttt 

1 

tttttt 

1 

tttttt 

1 

mitt 

i 

tttttt 

1 

tttttt 

1 

itttttt 

1 

tttttt 

1 

1 

Etttltt 

l 

tx 

121 

119 

117 

115 

113 

111 

199 

197 

195 

193 

LONGITUDE  (KG.  > 


Table  18 


mitmmiuitttuttmmmuimiiiiiittiiumiiiiiiimmtimu 

*  *  SitilUti  located  at  166.8  dag  long;  Fraqt  28.8  QHt  X 

*  ATT.  TABLE  X  Site  divaraityi  N  ;  »ita  aaparatlor  diat.  •  6.6  ka  X 

X  X  laaalina  to  path  angla*  6.6  dag  < 

XXXXXXXXXXXtXXXX  Parcantaga  of  uaar  that  waluaa  ara  axeeadad>  6.616  X 

t  Attanuatlon  axtraaai  Pin,  Box  ■  2.624,  5.666  tdl)  X 

X  X 

xxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxx 

(XtXXXXtXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXXXXXXXXXXXtX 


X  X 


76-X 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1 .66 

-1.66 

-1.66 

-1.66 

-1 .66 

X 

69-! 

4.77 

4.57 

4.46 

4.24 

4.16 

3.98 

3.87 

3.78 

3.69 

2.62 

X 

68-X 

4.62 

4.43 

4.27 

4.12 

3.99 

3.88 

3.77 

3.68 

3.66 

2.84 

X 

67-X 

4.49 

4.31 

4.16 

4.62 

3.96 

4.18 

4.67 

3.97 

3.88 

3.49 

X 

L 

66-1 

4.38 

4.21 

4.49 

4.34 

4.21 

4.69 

3.98 

3.89 

3.86 

3.73 

A 

X 

T 

65-1 

-1.66 

4.13 

4.46 

4.26 

4.13 

4.36 

4.25 

4.15 

4.66 

3.99 

I 

X 

T 

64-X 

-1.66 

4.65 

4.68 

4.55 

4.41 

4.61 

4.56 

4.39 

4.53 

4.44 

U 

X 

D 

63-1 

-1.66 

3.98 

4.61 

3.88 

4.67 

4.84 

4.72 

4.62 

4.75 

4.66 

E 

X 

62- X 

-1.66 

-1.66 

4.26 

4.13 

4.56 

5.66 

4.94 

4.83 

4.73 

4.64 

( 

X 

6 

61-X 

-1.66 

-1.66 

4.78 

4.63 

4.56 

4.39 

4.88 

4.77 

4.68 

4.83 

E 

X 

G 

6a- x 

-1.66 

-1.66 

-1.66 

4.58 

4.45 

4.34 

4.24 

4.14 

4.66 

4.42 

a 

t 

) 

69-X 

-1.66 

-1.66 

-1.66 

-1.66 

4.41 

4.36 

4.26 

4.11 

4.25 

4.59 

X 

58-X 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

4.26 

4.16 

4.67 

4.22 

4.75 

X 

57-X 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

4.13 

4.27 

3.83 

4.91 

X 

56-X 

-1.66 

-1.66 

66 

-1.66 

-1.66 

-1.66 

-1.66 

4.24 

3.99 

4.44 

X  X 

I  <  I  I  I  I  I  I  I  I 
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Table  19 


xxxxxxxxxxxtxxxxxxxxxxxxxxxxxxttxxxxxxxxtttxxttttxxtxtttxxxxxxxxxxxxxxxx 

t  X  Satellite  located  at  166.6  deg  long;  Tragi  3* .  •  GHt  t 

Site  dlveraityt  H  j  alte  aeperatlea  diet.  •  ka  I 

laaeliaa  to  path  eagle*  M  deg  > 
Percentage  of  year  that  valuea  era  axceededi  8.566  * 

Attenuation  extranet  Bln,  Bax  •  1.1*2,  7.3*3  (dl)  * 


*  ATT.  TABLE  > 

I  * 

mtmmttitu 

* 


XXtXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXXXXXXXXXXXXXXXXXXXXXXXX 

txxxxxxxxxxtxxxtxxxtxxxxxxxxxxxxtxxtxttxxxxxxxxxxxxtxxxttxxxxtx 


SS-* 

a. 44 

a. 67 

a. 73 

2.8* 

2.81 

2.65 

2.73 

-1.6* 

.8* 

-1.66 

( 

54-* 

a.  98 

a.  82 

a. 88 

2.95 

2.91 

2.83 

2.92 

2.81 

.88 

-1.88 

* 

S3-* 

a. 85 

3.81 

3.88 

3.16 

3.87 

3.1* 

3.83 

3.6# 

-x 

.8* 

-1.8* 

X 

5a-* 

3.11 

3.13 

3.28 

3.64 

3.23 

3.32 

3.24 

3.17 

.1* 

-1.8* 

* 

L 

S1-* 

3.16 

2.9* 

2.96 

3.32 

3.1# 

3.3# 

3.4# 

3.4* 

2 

.47 

-1.6* 

A 

* 

T 

s*-* 

3.38 

3.26 

3.33 

3.37 

3.58 

3.6* 

3.56 

3.68 

.81 

3.95 

I 

* 

T 

49-* 

3.2* 

3.26 

3.39 

3.6* 

3.69 

3.85 

4.88 

4.38 

.18 

3.93 

U 

* 

D 

48-* 

4.54 

4.7* 

4.6* 

3.59 

3.68 

2.43 

4.65 

4.71 

.34 

5.81 

E 

* 

47-* 

5.3S 

5.81 

4.86 

4.28 

3.87 

3.43 

4.64 

4.66 

.82 

5.86 

< 

* 

D 

4S-* 

5.56 

5.45 

4.72 

4.28 

3.87 

3.43 

3.53 

5.47 

.72 

6.96 

E 

* 

C 

45-* 

5.54 

5.45 

5.93 

5.17 

5.63 

5.79 

5.95 

6.28 

.49 

-1.8* 

. 

* 

) 

44-* 

« 

-l.M 

-1.8* 

S.93 

6.41 

6.91 

7.1* 

7.3* 

-1.6* 

-1 

.8* 

-1.88 

43-* 

• 

-1.8* 

-1.8* 

-1.88 

6.41 

-1.8* 

-1.6* 

-1.6* 

-1.6* 

-1 

.8* 

-1.6* 

42-* 

« 

-1.88 

-1.8* 

-1.8* 

-1.86 

-1.6* 

-1.6* 

-1.8* 

-1.6* 

-1 

.68 

-1.8* 

41-* 

8.8* 

8.8* 

8.6* 

8.6* 

6. 6* 

6.66 

8.69 

6. 6* 

• 

.68 

6.68 

xxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxtxxtxxxxxxxxxxx 
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Table  20 


imitmitKiiuisimmiiiimmiiimiuimmimitimiuttmii 

X  X  Satellite  located  at  110.9  dee  long;  Fraqi  39.9  GHs  X 
x  ATT.  Ta|LE  X  Site  divaraitgt  n  j  aite  separation  diat.  •  9.9  ke  t 
t  X  Baaeliae  to  path  angle*  0.0  deg  X 
XXXXttXXttXXttXt  Percentage  of  gear  that  values  are  exceeded!  I.SII  X 
t  Attenaation  extreaai  Ain,  Rax  •  8. 90S.  5.879  (d>>  X 
X  X 
fXStXXXXttXXttXXXStXXXXXSXXXtXSSXXXSXXXXSktXXXXtXXXXSXXXSSXSXXtXXXXXXXXX 


txxxxxxxxxxttxxxxxxxtxtxxxxtxxxxxxxxsxxtxxtxxsxtxxsxxttxxsxtxxx 

X  X 


55-X 

2 .09 

2.33 

2.35 

2.12 

2.14 

2.38 

2.41 

2.44 

2.48 

2.53 

X 

S4-I 

19 

2.78 

2.46 

2.48 

2.36 

2.38 

2.64 

2.68 

2.72 

2.86 

2.91 

53  -  i 

3.31 

2.52 

2.80 

2.49 

2.77 

2.80 

2.83 

3.13 

3.18 

3.07 

X 

58-t 

3.13 

3.32 

3.35 

2.82 

2.84 

2.87 

3.18 

3.22 

3.27 

3.22 

X 

l 

51-X 

3.58 

3.50 

3.34 

2.84 

2.97 

3.18 

3.22 

3.26 

3.27 

3.32 

A 

X 

T 

sa-x 

4.00 

3.59 

3.15 

3.36 

3.25 

3.40 

3.44 

3.82 

3.60 

3.15 

I 

X 

T 

49-X 

3.87 

3.59 

3.15 

3.50 

3.63 

3.85 

3.90 

4.26 

4.39 

4.47 

U 

X 

D 

48-1  - 

1.00 

3.S9 

3.15 

3.64 

3.86 

4.03 

4.08 

4.20 

4.07 

4.13 

E 

X 

47-X  - 

1.00 

-1.00 

-1.00 

3.82 

3.86 

4.26 

4.31 

4.37 

5.17 

5.26 

( 

X 

D 

48-1  - 

1.00 

-1.00 

-1.00 

-1.00 

4.08 

4.41 

4.46 

4.52 

5.17 

5.25 

E 

X 

G 

4S-X  - 

1.00 

-1.00 

-1.00 

-1.00 

4.51 

4.66 

4.72 

4.74 

5.17 

5.25 

. 

X 

) 

44-X  - 

1 .00 

-1.00 

-1.90 

-1.00 

4.92 

4.97 

5.03 

4.89 

5.17 

5.25 

X 

43-X  - 
a 

1.00 

-1.00 

-1.00 

-1.00 

5.84 

5.90 

5.03 

5.10 

5.17 

-1.00 

42-X  - 
« 

1.00 

-1.00 

-1.00 

-1.00 

-1.00 

5.91 

5.98 

-1.00 

-1.00 

-1.00 

41-X 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

*  X 


i  >  •  !  !  i  i  i  i  l 

93  91  19  87  as  93  81  79  77  75 
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Table  21 


ixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

t  (  Satallita  locatad  ai  !*•.•  dag  long;  Fraqi  3*.#  QHa  X 

Siia  diwaraiigt  N  j  aita  separation  dial.  •  8.9  ka  S 
laaalina  to  path  angle*  l.t  dag  t 
Par cantaga  of  year  that  waluaa  ara  exceeded'  f.Sfl  t 
Attenuation  axtraaai  Rln,  Rax  •  1.874,  4.248  (dl)  X 

X 

tttxttttttt  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


t  att.  table  x 

X  X 

xxxxxxxxxxxxxxxx 

X 

X 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


L 

A 

T 

I 

T 

u 

D 

E 

( 

D 

E 

G 


55-X 

3.26 

3.12 

2.83 

2.81 

2.88 

2.51 

2.61 

2.76 

2.77 

2.45 

X 

54-X 

3.14 

3.11 

2.91 

2.64 

2.63 

2.78 

2.78 

2.78 

2.59 

2.59 

X 

53-X 

2.95 

2.92 

2.98 

2.63 

2.62 

2.87 

3.11 

3.11 

3.12 

3.39 

X 

S2-X 

2.39 

2.92 

2.98 

2.62 

2.61 

3.11 

3.19 

3.34 

3.34 

3.23 

X 

5 1  -X 

2.23 

2.52 

2.51 

2.49 

2.49 

2.98 

3.21 

3.43 

3.43 

3.57 

X 

58-X 

1.87 

2.21 

2.4S 

2.49 

2.49 

2.89 

3.11 

3.23 

4.24 

4.96 

X 

49-X 

2.18 

1.96 

2.29 

2.49 

2.22 

2.67 

3.19 

3.89 

4.94 

4.95 

X 

48-X 

®1  •  §§ 

“la  99 

-1.88 

-1.88 

-1  .88 

-1.99 

-1.88 

-1.88 

-1.88 

-1.96 

X 

47-X 

“la  99 

“  t  a  99 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.89 

-1.86 

-1.96 

X 

46-X 

~  X  *  9# 

"la  99 

-1.88 

-1.88 

-1.88 

-1.88 

-1,88 

-1.88 

-1.66 

-1.66 

X 

45-X 

"1«  9# 

“la  99 

-1.88 

-1.88 

-1  .88 

-1.88 

-1.88 

-1.88 

-1.66 

-1.66 

X 

44-X 

“1.99 

“  1 . 99 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.99 

-1.66 

-1.66 

X 

43-X 

“la  99 

“la  99 

-1.88 

-1.88 

-1.88 

-1.99 

-1.88 

-1.99 

-1.66 

-1.66 

X 

42-X 

“la  99 

“la  99 

-1.88 

-1.88 

-1.88 

-1.99 

-1.88 

-1.89 

-1.66 

-1.69 

X 

41  -X 

8.88 

8.88 

8.88 

8.88 

8.89 

9.88 

9.99 

9.99 

9.88 

9.99 

X 

xxxxxxxxxxxxxxxxxxxxxxxxt xxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxx 
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195 

193 

191 

99 

97 
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Table  22 


txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxmxxxxxxxxxxxxxxxxxxxx 

X  X  Satellite  located  at  100.0  dag  long)  P'reqi  3#.#  GHt  t 

X  ATT.  TABLE  <  Site  diversity!  N  j  alta  separation  diat.  •  0.4  ka  * 

*  *  Baseline  to  path  angle*  0.0  dag  t 

XltXXXXXXXXXXXtt  Parcantaga  of  year  that  values  ara  axcoedadt  0.500  t 

*  attenuation  extreaai  Pm.  Rax  •  1.157,  3.166  CdB>  * 

X  X 


XXXXXXZXXXXXXZXX 

xxxxxxxxx 

X 


xxttxxxxxxxxxxxxxxxxxxxxxxxxxxxxttxxxtxxxxxxxtxxxttxtxx 
xxxxxxxtxxxxxtxxxxxxxxtxxxxxxxxxxxtxxtxxxxxxxtxxxxxxi 


55-*  -1 

.04  -1 

.40  -1.00  1.46  1 

.32  1 

48 

1.98 

2 

.21 

2.94 

2.71 

S4-*  -1 

.00  -1 

.24  2 

42 

1.87 

2 

.05 

2.73 

3.17 

S3-*  -1 

.00  -1 

.00  -1.00  -1.00  -1 

.00  -1 

00 

1.77 

2 

.19 

2.72 

3.15 

52-*  -l 

.00  -1 

.00  -1 

00 

1.20 

2 

.18 

2.92 

2.57 

l 

A 

51-*  -1 
* 

.00  -1.00  -1.00  -1 

.00  -1 

00 

1.19 

.18 

2.15 

1.99 

T 

I 

50-*  -1 
* 

e  99  —  1 

.00  -1.00  -1.00  -1 

.00  -1 

00 

-1.00 

.17 

1.16 

2.12 

T 

U 

49-*  -1 
* 

e  99  —  1 

.00  1 

94 

-1.00 

.18 

1.16 

1.69 

D 

E 

48-*  -1 
t 

e  99  —  1 

.00  -1.00  -1.00  -1 

.00  -1 

00 

-1.00 

”  I 

.00 

-1.00 

-1.00 

( 

47-*  -1 

t 

a  99  —  1 

.00  -1.00  -1.00  -1 

.00  -1 

00 

-1.00 

*  1 

.00 

-1.00 

-1.00 

D 

E 

46-*  -1 
« 

e  99  —  1 

.00  -1.00  -1.00  -1 

.00  -1 

00 

-1.00 

•  1 

.00 

-1.00 

-1.99 

G 

4S-*  -1 

•  99  -I 

.00  -1.00  -1.00  -1 

.00  -1 

00 

-1.00 

-i 

.90 

-1.00 

-1.90 

*) 

44-*  -1 

f 

.00  -1 

.00  -1.00  -1.00  -1 

.00  -1 

00 

-1.00 

-1 

.00 

-1.00 

-1.00 

43-*  -1 
* 

.00  -1 

.00  -1 

00 

-1.00 

-1 

.00 

-1.00 

-1.00 

42-*  -1 

.00  -1 

.00  -1.00  -1.00  -1 

.00  -1 

00 

-1.00 

-1 

.90 

-1.00 

-1.00 

41-5  0 

.04  0 

.00  0.00  0.00  0 

.00  0 

00 

0.00 

9 

.90 

0.00 

0.00 

tttxxxxtxxtixttxttttxxxtxtixxxxxxxxtxttxxxxxxxxxxxtttxxtttxxxt 

•  *•1111111 
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Table  23 


tttttmmmiimmtiittmittiumiiiiimmmitiiiimmmmt 

X  S  Satallita  locatad  at  199.9  dag  long)  Fraqi  31.1  GHi  X 
t  ATT.  TABLE  X  Sita  dlvaraitgi  H  j  aita  separation  dial.  •  • . •  ka  S 
t  X  Baaatiaa  t«  path  angle*  9.9  dag  » 
ItmtUlltttttl  Percentage  of  ueer  that  values  ara  axcaadadi  9.599  > 
X  Attenuation  axtraaai  Hln,  Pax  •  9.739,  2.669  (dl)  > 
X  X 
xxxxxttxxxxtxxxxxxxxttxxxxxxxxxxtxxxxxxxxxxxtxxxxxxtxxxxxxxxxxsxtxxxxtxx 


xxxttxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxsxtxxxttxttxxxxittxxtxxxxxxx 

X  X 


79-X 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-l.M  -l.M  -1.99 

X 

69-X 

-l.M 

-1.99 

-1.99 

-1.99 

-1 .99 

-1.99 

-1.99 

X 

68-X 

-l.M 

-l.M 

-1.99 

-1.99 

-1.99 

-1.99 

-l.M 

X 

67-1 

-l.M 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-l.M 

-l.M  -1.99  -1.99 

X 

L 

66-X 

-l.M 

-1.99 

-l.M 

-l.M 

-1.99 

-l.M 

-l.M 

A 

X 

T 

65-X 

-x.ee 

-1.99 

-1.99 

-1.99 

-1.99 

-l.M 

-l.M 

-l.M  -l.M  -1.99 

I 

X 

T 

64-X 

9.74 

9.75 

-1.99 

-1.99 

-l.M 

-l.M 

-l.M 

U 

X 

D 

63-X 

9.97 

9.91 

9.93 

9.77 

-1.99 

-1.99 

-1.99 

-l.M  -l.M  -1.99 

E 

X 

62-X 

1.44 

1.17 

1.21 

9.93 

9.77 

9.97 

-l.M 

( 

X 

0 

61-X 

1.61 

1  .64 

1.49 

1.96 

1.98 

1.25 

1.14 

-l.M  -l.M  -1.99 

E 

X 

C 

69- X 

1.92 

1.78 

1.48 

1.36 

1.37 

1.95 

1.79 

1.16  -l.M  -1.99 

X 

) 

59- X 

1.99 

2.94 

1.71 

1.49 

1.89 

1.94 

2.93 

2.M  2.95  -1.99 

X 

58- X 

1.99 

2.35 

2.19 

2.94 

1.96 

2.18 

2.25 

2.22  2.28  -1.99 

X 

57-X 

2.39 

2.14 

2.32 

2.16 

2.27 

2.39 

2.45 

2.51  2.48  2.55 

X 

56-X 

2.31 

fU 

u> 

A 

2.45 

2.37 

2.59 

2.59 

2.56 

2.62  2.59  2.67 

X 

X) 

1XXXXX1 

txxxxxi 

IXXXXX1 

txxxxxi 

txxxxxi 

txxxxxi 

txxxxxi 

IX 

1 

81 

1 

79 

1 

77 

1 

75 

1 

73 

1 

71 

1 

69 

1  1  1 

67  66  63 
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Table  24 


*  Sitilllti  located  at  1(M  dag  loagi  Tragi  3M  GHm  I 
ATT.  TABLE  *  Slta  dlveraity)  N  t  aita  (operation  diat.  •  l.t  ka  t 

*  Baaaltaa  to  path  angle*  M  dag  * 
mmillimit  Percentage  of  uair  that  value*  are  exceeded*  MM  * 

Attenaation  axlreaai  Bln,  Bax  •  Mil.  3. 641  (dB>  * 

* 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxttxxxxxxxxxxxxtxxxxxxxx 


X  t 


70-* 

-l.M 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

* 

68-* 

-1.00 

-1.00 

-1.00 

0.53 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

* 

68-* 

0.65 

0.52 

0.65 

0.52 

0.52 

0.53 

-1.00 

-1.00 

-1.00 

-1.00 

* 

67-* 

0.71 

0.71 

0.71 

0.S7 

0.58 

0.58 

-1.00 

-1.00 

-1.00 

-1.00 

* 

L 

66-* 

0.02 

0.80 

0.80 

0.65 

0.80 

0.65 

-1.00 

-1.00 

-1.00 

-1.00 

A 

* 

T 

65-* 

0.99 

0.98 

0.99 

0.86 

0.87 

0.87 

0.72 

0.72 

-1.00 

-1.00 

I 

* 

T 

64-* 

1.03 

1.03 

1.18 

1.11 

1.12 

1.12 

0.94 

0.71 

0.72 

0.73 

U 

S 

D 

63-* 

1.23 

1.11 

1.37 

1.37 

1.38 

1.39 

1.18 

1.41 

1.20 

1.21 

E 

* 

62-* 

1.37 

1.23 

1.53 

1.36 

1.50 

1.51 

1.62 

1.54 

1.32 

1.20 

< 

* 

D 

61-* 

1.21 

1.35 

1.51 

1.48 

1 .67 

1.68 

1.51 

1.52 

1.64 

1.66 

E 

S 

C 

60-* 

1.31 

1.25 

1.65 

1.65 

1.66 

1.67 

1.69 

1.69 

1.52 

1.73 

* 

) 

59-* 

1.48 

1.39 

1.63 

1.64 

1.89 

1.81 

1.82 

1.84 

1.86 

1.88 

* 

58-* 

1.47 

1.47 

1.47 

2.18 

1.63 

1.64 

1.66 

1.83 

1.84 

2.14 

* 

57-* 

2.32 

2.32 

2.01 

1.47 

1.48 

1.93 

2.20 

2.22 

2.24 

2.27 

S 

56-* 

2.45 

2.08 

2.31 

2.32 

l.SS 

2.10 

2.11 

2.55 

8.25 

2.28 

* 

*1 

tttlttl 

1 

rtsstti 

i 

rtsstti 

i 

rstttti 

i 

rstttti 

i 

rstttti 

i 

IttMtl 

rstttti 

i 

rstttti 

i 

088881 

! 

O 

101 

99 

97 

95 

93 

91 

89 

07 

85 

93 
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Table  25 


SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 
*  Satellite  locates  at  lll.l  See  lone;  Freqt  31.1  OHs  t 
ATT.  TABLE  t  Site  Slweraltyt  M  j  elte  separation  Slat.  •  1.1  ke  t 


s 

s 

taaallae  to  path  angle* 

6.6  fei  S 

SSI 

SSSSS1 

S  Per 

cm 

atae 

e  of  l 

tear  that  valaea  are  eaceeSeS> 

6.666  S 

s 

s 

SSI 

tstssst 

SSSSSI 

AttBRUBtiOA  mx\ 

.reeat 

ISSSSSS 

Ala. 

SSSSSI 

Has  ■ 

6.654 

ISSSSS 

.  2.915  (49)  S 

S 

ss 

t 

76-S 

sssssi 

-l.M 

ISSSSSt 

-l.M 

ss 

ssss 

.66 

SSSSSI 

-1.66 

tssssss 

-1.66 

SSSSSI 

-1.66 

ISSSSSSI 

-1.66  - 

ISSSSS 

-1.66 

SSSSSI 

-1.66 

ISSSSSSS 

s 

-1.66  S 

SB-S 

t.BI 

S.BS 

6 

.84 

6.93 

6.92 

6.91 

-1.66 

6.79 

-1.66 

HI 

l.BS 

1.14 

.12 

1.11 

6.99 

6.99 

6.97 

6.77 

6.77 

6.65  S 

67-S 

1.27 

1.25 

.23 

1.22 

1.69 

1.69 

1.67 

1.61 

6.99 

6.99  S 

L 

S6-s 

1.35 

1.44 

.42 

1.46 

1.29 

1.16 

1.15 

1.14 

1.61 

1.61  S 

A 

s 

S 

T 

ss-s 

1.S1 

1.4S 

.46 

1.44 

1.26 

1.31 

1.19 

1.19 

1.19 

6.99  S 

I 

s 

S 

T 

64-8 

1.7B 

1.67 

.65 

1.63 

1.41 

1.56 

1.29 

1.17 

1.16 

1.16  S 

U 

s 

S 

D 

S3-S 

1 .71 

1.7S 

.72 

1.61 

1 .59 

1.59 

1.47 

1.36 

1.24 

1.23  S 

E 

s 

S 

82-S 

1.73 

1 .76 

.ss 

1 .52 

1.67 

1.S4 

1.66 

1.44 

1.33 

1.37  S 

< 

S 

S 

0 

Sl-S 

1.78 

1.S7 

.58 

1.57 

1.65 

1.54 

1.52 

1.49 

1.42 

1.32  S 

c 

s 

S 

0 

M-t 

1 .  IS 

1.77 

.66 

1.91 

1.99 

1.63 

1.52 

1.61 

1.57 

1.46  S 

*) 

SB-S 

1 .12 

1 .16 

.77 

1.97 

1.95 

1.72 

1.79 

1.96 

1.49 

1.49  S 

S8-S 

* 

l.SB 

l.M 

.77 

2.21 

2.19 

2.12 

2.11 

2.69 

1.99 

1.97  S 

57-* 

• 

l.tfl 

2.61 

.99 

2.19 

2.16 

2.14 

2.12 

2.11 

2.33 

2.33  S 

ss-s 

s 

f  * 

1.9* 

ttstii 

2.IS 

tttttti 

2 

.19 

2.62 

2.76 

2.69 

2.92 

2.96 

2.79 

2.79  S 
s 

i 

121 

• 

119 

• 

117 

1 

116 

1 

113 

1 

111 

! 

169 

1 

167 

1 

165 

1 

1*3 
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Table  26 


xxxxxxxxxxtxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxtxxxxx 

X  Sitilliti  locatad  at  1IM  dag  longj  Fraqi  3#.*  QHt  S 
ATT.  TABLE  <  Slta  dlvaraltyi  H  j  aita  aaparatlon  dial.  •  #.#  ka  t 
*  taaatina  to  path  angla*  •.#  dag  x 

XXXXXXXXXXXXXXX  Parcantaga  of  uaa r  that  oaluaa  ara  axcaadadi  9.599  S 
Attaauatlon  axtraaat  nia.  Rax  •  9.995,  1.933  (dl)  X 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X 


79-*  -1.99 

-1 .99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

X 

69-*  1.77 

1.79 

1.63 

1.S7 

1.52 

1.42 

1.44 

1.49 

1.37 

9.99 

* 

68-*  1.72 

1 .65 

1.59 

1.53 

1.49 

1 .44 

1.49 

1.37 

1.33 

1.97 

* 

67-*  1.67 

1.69 

1.54 

1.49 

1.45 

1.54 

1.59 

1.46 

1.43 

1.29 

S 

L 

66-*  1.63 

1.56 

1.66 

1.69 

1 .55 

1.51 

1.47 

1.43 

1.49 

1.32 

A 

* 

T 

65-*  -1.99 

1.53 

1.62 

1 .57 

1.52 

1.69 

1.56 

1.52 

1.49 

1.46 

I 

s 

T 

64-*  -1.99 

1.59 

1.51 

1.67 

1.62 

1.66 

1.64 

1.69 

1.65 

1.62 

U 

s 

D 

63-*  -1.99 

1.49 

1.42 

1.44 

1.79 

1.76 

1.72 

1.62 

1.72 

1.69 

E 

* 

62-*  -1.99 

-1.99 

1.57 

1.52 

1.67 

1.63 

1.79 

1.75 

1.71 

1.69 

( 

* 

D 

61-S  -1.99 

-1.99 

1.75 

1.69 

1.64 

1.69 

1.77 

1.73 

1.69 

1.74 

E 

* 

C 

69-*  -1.99 

-1.99 

-1.99 

1.67 

1.63 

1.59 

1.55 

1.51 

1.48 

1.69 

a 

* 

) 

59-*  -1.99 

-1.99 

-1.99 

-1.99 

1.61 

1.57 

1.53 

1.59 

1 .55 

1.66 

* 

S8-*  -1.99 

-1.99 

-1.99 

-1.99 

-1.99 

1.56 

1.52 

1.49 

1.54 

1.71 

* 

57-*  -1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

1.51 

1.55 

1.49 

1.77 

* 

S6-*  -1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

1.54 

1.46 

1.61 

* 

1 

ttttSSI 

1 

imtti 

i 

tssttti 

i 

SftStl 

1 

tttttt 

1 

tttssi 

1 

tttssi 

1 

tttttt 

1 

tttssi 

1 

t* 

141  139  137  135  133  131  129  127  IBS  123 
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Table  27 


mttiimitiittiiiittmmiiiiimttiitimimtimimtiitmittmi 

*  *  Sitiinti  locitid  at  1»M  dag  long;  Frag«  3#.*  CHi  * 

t  ATT.  TABLE  *  Sita  dlvaratiyi  N  t  alia  separation  dlsi.  •  •.#  ka  S 

*  *  Baaelin*  io  path  angle*  t.t  dag  * 

****************  Percentage  of  year  that  values  ara  axcaadadi  i.lfl  * 

*  Attenuation  exireaat  Ain,  Nex  •  8.425,  IS. *71  CdB)  S 

*  * 
** t* t **** t *S*t***XXI ****** ********* t ***** ***** ************* ************* 


******* ****************************** t*SSSS********(****»t*SSS« 


*  t 


S5-* 

5.36 

5.87 

6.66 

6.15 

6.18 

5.83 

6.62 

-1.66 

-1.66 

-1.66 

X 

54-* 

6.52 

6.26 

6.34 

6.56 

6.41 

6.22 

6.42 

6.18 

-1.66 

-1.66 

* 

53-* 

6.27 

6.63 

6.78 

6.94 

6.77 

6.83 

6.66 

6,59 

-1.66 

-1.66 

* 

58-* 

6.85 

6.89 

7 . 65 

6.68 

7.16 

7.36 

7.14 

6.98 

2.43 

-1.66 

S 

L 

51-* 

6.96 

6.38 

6.52 

7.36 

6.83 

7.27 

7.49 

7.47 

5.4S 

-1.66 

A 

* 

T 

56-* 

7.43 

7.17 

7.32 

7.41 

7.87 

7.93 

7.84 

8.16 

8.38 

8.69 

I 

* 

T 

49-* 

7.64 

7.18 

7.47 

7.91 

8.12 

8.47 

8.98 

9.47 

9.61 

8.65 

U 

* 

D 

46-* 

16.66 

16.34 

8.81 

7.96 

8.16 

5.34 

11.24 

16.36 

9.56 

11.63 

E 

* 

47-* 

11.76 

12.79 

16.76 

9.43 

6.76 

7.56 

16.22 

16.26 

16.61 

11.66 

( 

* 

D 

46-* 

12.23 

12.66 

16.46 

9.42 

6.7S 

7.55 

7.77 

12.65 

14.78 

15.32 

E 

t 

G 

45- * 

12.26 

12.66 

13.65 

11.38 

12.46 

12.73 

13.16 

13.82 

14.29 

-1.66 

a 

* 

) 

44-* 

-1.66 

-1.66 

13.64 

14.11 

15.21 

15.62 

16.67 

-1.66 

-1.66 

-1.66 

* 

43-* 

-1.66 

-1.66 

-1.66 

14.12 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

* 

42-* 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

* 

41-* 

6.66 

6.66 

6.66 

6.66 

6.66 

6.66 

6.66 

6.66 

6.66 

6.66 

* 

*1 

t***«*l 

I*»***1 

l*S***I 

[(****1 

!*<***! 

l****l 

l(****l 

tt***l 

t*t*(S! 

lt*S**l 

t* 

!  '  '  i  I  i  i  I  I  i 

73  71  69  67  65  63  61  59  5?  56 
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Table  28 


************************************************************************ 
t  X  Satellite  located  at  100.8  deg  longj  Freqi  30.0  CHa  < 

*  ATT.  TABIC  X  Site  diversity!  H  t  site  aeperatlon  diet.  •  t.B  ke  X 

X  X  Baseline  to  path  angle*  B.B  deg  t 

XXXXXXXXXXXtXXXX  Percentage  of  year  that  values  are  exceeded!  B.1BB  t 

t  Attenuation  extreaai  Ain,  Aax  •  4.603,  13.156  (dB>  t 

*  > 
tXXXXXXXXXXXiXXXXiXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXXXXXXXXtXXXXXXXXXXXX 

xxtxzxxtxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxx 


X  X 


55-* 

4.68 

5.13 

5.17 

4.66 

4.71 

5.23 

5.38 

5.37 

5.46 

5.56 

* 

S4-* 

6.11 

5.42 

5.46 

5.19 

5.24 

5.82 

5.89 

5.98 

6.29 

6.4B 

X 

S3-* 

7.29 

S.S4 

6.16 

5.48 

6. 09 

6.16 

6.23 

6.89 

7.BB 

6.75 

( 

52-* 

6.88 

7.31 

7.36 

6.20 

6.26 

6.32 

7  .BB 

7.18 

7.21 

7.B9 

S 

L 

51-* 

7.88 

7.92 

7.34 

6.24 

6.55 

6.99 

7.BB 

7.18 

7.19 

7.31 

A 

* 

T 

SB-* 

8.8B 

7.91 

6.94 

7.39 

7.15 

7.48 

7.57 

8.42 

7.93 

6.92 

▼ 

A 

* 

T 

49-* 

8.51 

7. SB 

6.93 

7.78 

7.99 

8.48 

8.59 

9.39 

9.67 

9.83 

U 

* 

D 

48-* 

-1  .BB 

7.89 

6.92 

8.B1 

8.5B 

8.87 

8.97 

9.24 

9.95 

9. IB 

C 

* 

47-* 

-1  .BB 

-l.BB 

-l.BB 

8.42 

8.49 

9.36 

9.48 

9.61 

11.38 

11.57 

( 

< 

D 

4G-* 

-1  .BB 

-l.BB 

-l.BB 

-l.BB 

8.99 

9.71 

9.82 

9.96 

11.37 

11.54 

C 

* 

G 

45-* 

-1  .BB 

-l.BB 

-l.BB 

-l.BB 

9.93 

18.26 

IB. 39 

IB. 44 

11.37 

11.56 

• 

S 

) 

44-* 

-1  .BB 

-l.BB 

-l.BB 

-l.BB 

18.82 

18.93 

11.  B6 

IB. 76 

11.38 

11.56 

* 

43-* 

-1  .BB 

-l.BB 

-l.BB 

-l.BB 

12.85 

12.99 

11.  B7 

11.22 

11.38 

-l.BB 

* 

42-* 

-1  .BB 

-l.BB 

-l.BB 

-l.BB 

-l.BB 

13.  BB 

13.16 

-l.BB 

-l.BB 

-l.BB 

X  X 

1 — *  B • Be  B • BB  B • BB  0.00  B . B B  B*BB  B«BB  B . B B  B • B B  B,BB  X 

t  * 

I  I  I  I  I  I  I  I  I  I 

93  91  89  87  85  S3  91  79  77  75 
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Table  29 


X 

*  Satellite 

located  il 

100.0 

deg  longj  Freqi  30.0  GHs 

X 

ATT.  TAILE 

*  Silo  diverailyi 

N  j  alia  aaparation  dial.  • 

0.0  ka 

* 

t 

Baaalina  io  path  an 

g  la* 

0.0  dag 

Ittimmillttl  Parcantage  of  u 

ear  that  vatuea  ara  exceeded! 

0.100 

( 

Attenuation  ixt 

real : 

file. 

Wax  • 

4.124 

,  9.331  (d>> 

titimimumitmtittiuiimittmutmixtiiiuitititiiiiiimm 

tttxtxttttxt ****** txxx*tsx*xttxx(xt*sxxstt*t ********** ttsxxxtx* 

55-1 

7.18 

6.87 

6.22 

6.19 

6.17 

5.52 

5.74 

6.08 

6.09 

5.39  * 

S4-* 

6.90 

6.84 

6.41 

5.80 

5.78 

6.12 

6.12 

6.12 

5.50 

5.51  X 

53-* 

6.49 

6.44 

6.39 

S .  78 

5.76 

6.31 

6.85 

6.85 

6.86 

7.26  * 

t 

X 

52-* 

5.26 

6.42 

6.37 

5.77 

5.74 

6.B4 

6.83 

7.34 

7.35 

7.10  * 

* 

* 

L 

51-* 

4.90 

5.55 

5.S2 

5.49 

5.49 

6.56 

7.06 

7.55 

7.56 

7.85  * 

A 

* 

* 

T 

50-X 

4.12 

4.85 

5.40 

5.48 

5.48 

6.16 

6.84 

7.12 

9.33 

8.93  X 

I 

X 

X 

T 

49-* 

4.62 

4.29 

5 . 03 

5.47 

4.87 

5.B8 

6.83 

8.57 

8.88 

8.92  * 

U 

t 

C 

D 

48-X 

-l.M 

-ltfl 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

•1  *99 

-1.00 

-1.00  * 

E 

t 

* 

47-* 

-t.M 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

“la  A# 

-1.00 

-1.00  * 

( 

* 

* 

D 

46-* 

-1.00 

“  1  •  II 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

“1  e  fl 

-1.00 

-1.00  * 

E 

( 

* 

G 

45-t 

-1.00 

”  1  e  II 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

“  1  •  99 

-1.00 

-1.00  * 

) 

44-* 

-1.00 

"  1  •  || 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

“la  90 

-1.00 

-1.00  * 

43  I 

-1.00 

“  1  •  0$ 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

“  1  e  90 

-1.00 

-1.00  * 

42-* 

-1.00 

*  1  *  99 

-1.00 

-1.00 

-1  .00 

-1.00 

-1.00 

“  1  e  09 

-1.00 

-1.00  * 

4 1  -X 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00  * 

* 

* 

***************************** | ****** tt**ZXttt(t****tX*I(X(*!*tt 

113 

111 

109 

107 

105 

103 

101 

99 

97 
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Table  30 


xxxixxxxxxxxxxtxxxxtxxxitxxxxxtxxxsttxxxxtttixxxxaxixxxxtxxxtitxxxxtxxxx 

X  t  Satellite  located  at  1M.I  dag  longj  Freqi  3( . a  GHi  X 

Siia  diveraltyi  N  j  alia  aaparatlon  diet.  •  8.9  ka  S 

Beaelina  to  path  angle*  8.9  dag  X 

Percentage  of  uaar  that  waluea  ara  exceeded'  I.1M  X 
Attenuation  axtraaa'  din.  Hex  •  2.546,  6.967  (dB)  X 

X 


X  ATT.  TABLE  X 
X  X 

xxxxxtxxttxxxxxx 

I 

X 


xxxxxxxx txtxxtxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


txxxxxxxxxxxxxxxx txxxxxxxxxxtxtxxxttxxxxxxtxxxxxxttxxxxxixxxxxx 


55-X  -1.99  -1.88  -1 . 3.21 

2.95 

3 

.27 

4 

35 

4.86 

4.48 

5.97 

X 

5(-l  l.M  -l.M  -l.M  -l.M 

2.74 

5 

.33 

4 

12 

4.52 

6.91 

6.97 

X 

53-1  -l.M  -l.M  -l.M  -l.M 

-l.M 

-1 

.M 

3 

89 

4.82 

5.99 

6.94 

X 

52-X  -l.M  -l.M  -l.M  -l.M 

-l.M 

-1 

.M 

2 

63 

4.81 

4.44 

5.67 

X 

L 

51  -x  -l.M  -l.M  -l.M  -l.M 

-l.M 

-1 

•  M 

2 

62 

2.59 

4.74 

4.17 

A 

s 

T 

S8-X  -l.M  -l.M  -l.M  -l.M 

-l.M 

-1 

.  M 

M 

2.58 

2.55 

4.67 

I 

X 

T 

49-X  -l.M  -l.M  -l.M  -l.M 

-l.M 

.28 

-i 

M 

2.68 

2.65 

3.72 

U 

X 

D 

48-x  -l.M  -l.M  -l.M  -l.M 

-1  .M 

-1 

.M 

-1 

M  - 

l.M 

-1.88 

-1.88 

C 

X 

47-X  -l.M  -l.M  -l.M  -l.M 

-l.M 

-1 

.M 

-I 

M  - 

l.M 

-1.88 

-1.88 

( 

X 

s 

46-X  -l.M  -l.M  -l.M  -l.M 

-l.M 

-1 

.M 

-t 

M  - 

l.M 

-l.M 

-1.88 

E 

X 

s 

C 

45-X  -l.M  -l.M  -l.M  -l.M 

-l.M 

-1 

.M 

M  - 

l.M 

-l.M 

-1.88 

a 

a 

) 

44-X  -l.M  -l.M  -l.M  -l.M 

-l.M 

-1 

•  M 

-1 

M  - 

l.M 

-l.M 

-1.99 

X 

43-X  -l.M  -l.M  -l.M  -l.M 

-l.M 

-1 

.M 

-  J 

M  - 

l.M 

-l.M 

-1.99 

X 

42-X  -l.M  -l.M  -l.M  -l.M 

-l.M 

-  1 

.M 

-1 

•#  - 

l.M 

-l.M 

-1.99 

X 

Ml 

• 

.M 

1 

•• 

B.M 

l.M 

9.99 

!  •  i  i  •  i  !  i 

133  131  129  127  125  123  121  11B  117  115 


LOMQITUDC  (SEC.) 


95 


Table  31 


*  Satellite  located  at  1H.I  dag  loagi  Fregi  39.9  CM* 
ATT.  TABLE  S  Site  diwaraityi  H  j  aite  ^operation  diet.  •  9.9  ke 

*  Beaellne  to  path  eagle*  *.*  deg 
***************  Percentage  of  uear  tket  waive*  are  exceededi  I.1M 

Attenuation  extreeat  Pin.  Pax  •  1.627,  5.170  (dll 


X  * 


7*-* 

-I.M 

-I.M 

-I.M 

-I.M 

-I.M 

-I.M 

-1 

M 

-1 

.*• 

-1 

.*• 

-1  »M 

t 

69-1 

-1  .#• 

-I.M 

-I.M 

-1  .M 

-I.M 

-I.M 

-1 

M 

-1 

.M 

-1 

.*• 

-1  at# 

t 

68-* 

-I.M 

•I.M 

-I.M 

-1.6* 

-I.M 

-I.M 

-i 

M 

•  M 

-1 

.*• 

-l.it 

S 

67-* 

-I.M 

-I.M 

-I.M 

-I.M 

-I.M 

-I.M 

-1 

M 

-1 

.*• 

-1 

.*• 

* 

L 

66-* 

-I.M 

-I.M 

-I.M 

-I.M 

-I.M 

-I.M 

-l 

M 

"I 

.M 

-1 

.*• 

-1.## 

A 

( 

T 

65-* 

-I.M 

-1.B9 

-I.M 

-I.M 

-I.M 

-I.M 

-1 

M 

-1 

.99 

-1 

.99 

I 

* 

T 

64-* 

1.63 

1.66 

-I.M 

-I.M 

-I.M 

-I.M 

-| 

M 

.M 

•I 

.99 

U 

* 

D 

63-* 

2.14 

2.M 

2.54 

1.69 

-I.M 

-I.M 

-I 

M 

-i 

.M 

-1 

.99 

E 

* 

68-* 

3.  IB 

2.58 

2.66 

2. *5 

1.71 

2.14 

•i 

M 

-1 

.99 

-1 

.99 

-1  .it 

l 

( 

D 

61-* 

3.55 

3.6* 

3.29 

2.33 

2.38 

2.74 

2 

51 

-J 

.M 

.99 

-t  .it 

E 

I 

G 

65-* 

4.22 

3.92 

3.26 

2.99 

3.*1 

4.3* 

94 

2 

.55 

-1 

.99 

•1  .it 

• 

t 

) 

59-* 

4.19 

4.48 

3.77 

3.29 

4.17 

4.26 

47 

.39 

.52 

-I.M 

* 

58-* 

4.3* 

5.17 

4.83 

4.48 

4.31 

4.79 

4 

95 

.88 

.*1 

-1  .  it 

* 

57-* 

5.  #6 

4.72 

5.11 

4.75 

4.99 

5.26 

5 

38 

.52 

5 

.45 

5.61 

* 

56-* 

5 .  #8 

5.16 

5.46 

5.21 

5.7* 

5.5* 

5 

63 

.77 

6 

.71 

6.87 

* 

SI 

ttttiti 

1 

ttttiti 

* 

tsttttl 

1 

ttttttl 

i 

ttttttl 

I 

ttttttl 

r 

IS* 

tttl 

1 

ESS 

tttl 

I 

IS* 

tttl 

1 

ttttttl 

« 

IS 
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Table  32 


*  Sitilliti  locatad  at  ltl.l  dag  long)  Fragi  39.9  CHi  > 
an.  TAIIE  1  Silo  divaraltgi  N  ;  alia  aaparatien  dial.  •  M  ka  S 

*  laaaltna  lo  path  aagla*  9.9  dag  t 
Itltltlttllttll  Porcanlago  of  yaar  tkai  valvaa  ara  axcoadadi  l.tll  t 

Attanuatioa  axtroaa'  Wix,  flax  •  1.143,  5.6*7  (dl>  t 


>1 

t 

Itttll 

Itttll 

tutu 

Itttll 

Itttll 

tlttll 

111 

till 

Iltltll 

Itttll 

tsttsti 

It 

79-1 

-1.99 

-1.9# 

-1.99 

-1.99 

-1.99 

-1.99 

-1 

.99 

-1.9# 

-1.99 

-1.99 

1 

69-1 

-1.9# 

-1  .99 

-1.99 

1.17 

-1.99 

-1.99 

-1 

.99 

-1.99 

-1.9# 

-1.99 

* 

69-1 

1.44 

1.14 

1.44 

1.15 

1.15 

1.16 

-1 

.99 

-1.99 

-1.9# 

-1.99 

1 

67-1 

1.56 

1.56 

1.57 

1.26 

1.27 

1.29 

-1 

.99 

-1.99 

-1.9# 

-1.99 

1 

L 

66-1 

2.93 

1.7S 

1.75 

1.42 

1.77 

1.44 

-i 

.99 

-1.99 

-1.99 

-1.99 

A 

1 

T 

65-1 

2.19 

2.19 

2.19 

1.99 

1.91 

1.92 

.57 

1.69 

-1.99 

-1.99 

I 

1 

T 

64-1 

2.29 

2.29 

2.59 

2.44 

2.46 

2.47 

.97 

1.57 

1.52 

1.99 

U 

1 

D 

63-1 

2.71 

2.43 

3.99 

3.92 

3.93 

3.96 

2 

.59 

3.19 

2.64 

2.97 

E 

1 

62-1 

3.91 

2.71 

3.39 

2.99 

3.31 

3.33 

.35 

3.39 

2.99 

2.94 

( 

1 

D 

61-1 

2.65 

2.99 

3.33 

3.26 

3.69 

3.79 

.32 

3.35 

3.39 

3.42 

E 

1 

6 

69-1 

2.99 

2.76 

3.92 

3.63 

3.66 

3.67 

.99 

3.73 

3.35 

3.21 

a 

1 

) 

59-1 

3.26 

3.97 

3.69 

3.61 

3.96 

3.99 

.91 

4.95 

4.99 

4.13 

1 

59-1 

3.24 

3.24 

3.24 

4.99 

3.69 

3.62 

.64 

4.92 

4.96 

4.79 

1 

57-1 

5.11 

5.11 

4.59 

3.23 

3.25 

4.94 

.95 

4.99 

4.94 

5.99 

I 

56-1 

5.39 

4. 59 

5.99 

S.ll 

4.13 

4.;i 

.64 

5.91 

4.99 

5.92 

1 

11 

SttSSI 

1 

rssttsi 

» 

tsststi 

1 

1 

SttSSI 

1 

SttSSI 

1 

11 

till 

! 

ISSSttl 

1 

Itttll 

tsststi 

It 
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Table  33 


i  x  StUlUti  located  at  100.)  deg  tong;  Freqt  30.0  QHx  t 

X  ATT.  TABLE  *  Site  diversity*  N  ;  aite  separation  diet.  •  0.0  ke  X 

X  X  Baaellne  to  path  angle*  0.0  deg  X 

Ittmitmtttll  Percentage  of  year  that  values  are  exceeded!  0.100  X 

X  Attenuation  axtreeai  Hin,  Wax  •  1.438,  6. IBS  (dl)  * 

X  * 

tmnitumumumiiiiuiuttuiiiuitmmimtmmmfuitmt 

utmimuntimmuttniituiimmumiitmittiimm 


x  x 


70-  X 

-1.00 

•1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

-1 .00 

X 

69-1 

2.  IS 

a. u 

a.  os 

a. os 

2.03 

2.01 

-1.00 

1.74 

-1.00 

-1 .00 

X 

68-X 

a. 3i 

a. so 

a. 47 

2.43 

2.18 

2.16 

2.14 

:  .70 

1.70 

1.44 

X 

6?-X 

2.80 

a.?s 

a. ?i 

a. 6? 

2.40 

2.38 

2.36 

2.22 

1.96 

1.95 

X 

L 

66-X 

2.9? 

3.16 

3.12 

3. 08 

2.81 

2.54 

2.52 

2.51 

2.23 

2.22 

A 

X 

T 

65-X 

3.32 

3. 27 

3.22 

3.18 

2.77 

2.89 

2.62 

2.60 

2.59 

2.19 

I 

X 

T 

64-X 

3.74 

3.68 

3.63 

3.59 

3.10 

3.30 

8. 83 

2.57 

2.55 

2.55 

U 

X 

D 

63-X 

3.91 

3.SS 

3.79 

3.54 

3.50 

3.47 

3.23 

a. 98 

2.78 

2.71 

E 

X 

62-X 

3.81 

3. 75 

3.70 

3.4? 

3.67 

3.40 

3.41 

3.18 

2.94 

3.01 

( 

X 

D 

61  -X 

3.94 

3.45 

3.50 

3.45 

3.42 

3.39 

3.34 

3.13 

3.12 

2.99 

E 

X 

G 

60-X 

3.95 

3.89 

3.70 

4.20 

4.16 

3.36 

3.33 

3.32 

3.46 

3.08 

. 

X 

) 

59-X 

4.01 

4.08 

3.90 

4.34 

4.30 

3.79 

3.93 

4.17 

3.28 

3.27 

X 

S8-X 

3.96 

4.13 

3.89 

4.86 

4.81 

4.67 

4.63 

4.61 

4.16 

4.33 

X 

57-X 

4.16 

4.43 

4.38 

4.79 

4.75 

4.71 

4.67 

4.65 

5.13 

5.12 

X 

S6-X 

4.36 

4.51 

4.82 

4.46 

5.94 

5.89 

6.19 

6.16 

6.14 

6.12 

<  X 

xxxxt  xxxx  t  xxxxt  xxx  xxxxxx  tt  xxtx  tt  txxxxtttxxxxxttxxxxtxxxttxxxtxi 
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Table  34 


I  *  Satellite  located  at  199.9  deg  long;  Freqi  31  I  GHa 

*  ATT.  TAILE  *  Site  diveraityi  N  j  aite  aaperation  dial.  •  9.9  ka 
X  X  faaeline  to  path  angle*  X.#  deg 

IXXXtXXXXXXXXXXX  Percentage  of  gear  that  valuee  are  exceeded!  (.ltd 
X  Attenuation  extraaal  Ain.  Aax  •  2-199,  4.933  (d>) 


X  X 


7d-x 

-1.09 

-l.M 

-l.M 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1  .99 

X 

69- 1 

3.9* 

3.74 

3 .59 

3.46 

3.35 

3.25 

3.16 

3.98 

3.91 

2.19 

X 

68-X 

3.77 

3.62 

3.49 

3.37 

3.26 

3.17 

3.98 

3.91 

2.94 

2.35 

X 

67-X 

3.67 

3.52 

3 . 49 

3.29 

3.19 

3.39 

3.39 

3.22 

3.15 

2.85 

X 

L 

66-1 

3.  SB 

3.44 

3.65 

3.52 

3.42 

3.32 

3.23 

3.16 

3.99 

3.93 

A 

1 

T 

6S-X 

-t.M 

3.37 

3.57 

3.45 

3.35 

3.52 

3.43 

3.35 

3.28 

3.22 

I 

X 

T 

64-X 

-1.99 

3.31 

3.32 

3.67 

3.56 

3.71 

3.61 

3.53 

3.63 

3.56 

U 

X 

D 

63-X 

-l.M 

3.25 

3.27 

3.16 

3.75 

3.88 

3.78 

3.69 

3.79 

3.72 

E 

X 

62- X 

-i.B* 

-l.M 

3.46 

3.35 

3.66 

4.93 

3.93 

3.85 

3.77 

3.79 

( 

t 

D 

61-X 

-t 

-l.M 

3.84 

3.72 

3.62 

3.53 

3.89 

3.89 

3.73 

3.84 

E 

X 

G 

e«-x 

-t.M 

-l.M 

-l.M 

3.68 

3.58 

3.49 

3.41 

3.33 

3.26 

3.63 

a 

X 

) 

59-X 

-t.M 

-l.M 

-1.99 

-1.99 

3.54 

3.45 

3.37 

3.39 

3.49 

3.65 

X 

5t-X 

-l.M 

-l.M 

-1.89 

-1.99 

-1.99 

3.43 

3.35 

3.27 

3.39 

3.77 

X 

57-X 

-l 

-l.M 

-l.M 

-1.99 

-1.99 

-1.99 

3.32 

3.42 

3.98 

3.89 

X 

S6-X 

-1 

-l.M 

-1.99 

-1.99 

-1.99 

-l.M 

-1.99 

3.49 

3.29 

3.54 

X 

XI 

IXXXXXt 

IXXXXX1 

IXXXXXl 

IXXXXXl 

XXXXXI 

XXXXXI 

XXXXXI 

xxxxxi 

XXXXXI 

XXXXtl 

IX 

I 

141 

1 

139 

137 

1 

136 

t 

133 

1 

131 

1 

129 

1 

12? 

1 

126 

1 

123 
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Table  35 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxsxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxx 

t  X  SiiillHa  located  at  l*#.#  dag  long)  Freqi  44.9  CHt  X 

X  ATT.  TAILE  X  Slta  diversity!  N  j  alia  separation  dial.  •  6.6  ka  X 

X  X  laselme  to  patk  angle*  deg  < 

XXXXXXtXXXXXXXXX  Percentage  of  gear  that  values  are  exceeded!  6.566  X 

t  Attenuation  oximes'  Pin,  Rax  •  2.t?t,  11.232  (dk>  t 

t  X 

XX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxx 


xxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxttxxxxxxx 

X 


55-1 

4.14 

4.58 

4.61 

4.72 

4.75 

4.53 

4.67 

-1 

68  -1.66  -1.66 

S4-X 

4.94 

4.73 

4.84 

4.96 

4.91 

4.88 

4.95 

4 

86  -1.66  -1.66 

S3-X 

4.77 

5.82 

5.13 

S.26 

5.15 

5.21 

5.11 

5 

68  -1.66  -1.66 

52-X 

5.16 

S.28 

5.31 

5.88 

5.37 

5.53 

5.44 

5 

34  2.68  -1.66 

L 

A 

Sl-X 

X 

5.23 

4.85 

4.96 

5.49 

5.19 

5.58 

5.67 

5 

68  4.29  -1.66 

T 

I 

51-1 

X 

5.54 

5.38 

5.58 

5.57 

S.S9 

5.95 

5.91 

6 

16  6.31  6.55 

T 

U 

48-X 

X 

5.28 

S .  39 

5.59 

5,98 

6.86 

6.31 

6.67 

7 

62  6.74  6.52 

D 

E 

48-X 

X 

7.23 

7.47 

6.48 

5.89 

6.84 

4.17 

7.58 

7 

66  7.16  8.16 

< 

47-X 

X 

8.38 

9.84 

7.72 

6.91 

5.14 

5.69 

7.49 

7 

54  7.86  8.68 

D 

E 

4G-X 

X 

8 . 66 

8.54 

7.52 

6.98 

5.13 

5.69 

5.85 

8 

76  16.49  16.87 

G 

4S-X 

8.64 

8.53 

9.22 

8.17 

8.85 

9.89 

9.35 

9 

84  16.17  -1.66 

') 

44-X 

-1.88 

-1  .88 

9.22 

9.92 

18.63 

18.92 

11.23 

-1 

66  -1.66  -1.66 

43-X 

-1 .88 

-1.88 

-1.88 

9.92 

-1.86 

-1.88 

-1.88 

-1 

66  -1.66  -1.66 

42-X 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.66 

-1 

66  -1.66  -1.66 

41-J 

X 

8.88 

8.88 

8.88 

8.88 

8.88 

8.68 

6.66 

6 

66  6.66  6.66 

1 

73 

1 

71 

t 

69 

1 

67 

l 

6S 

\ 

63 

1 

61 

1  1  1 
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Table  36 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxttxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtx 

t  X  Satellite  located  at  199.8  deg  long)  Freqt  44.9  GHx  X 

*  ATT.  TAILE  <  Site  diveraitgi  N  j  aita  aaperation  diat.  *  ke  t 

x  X  laailue  to  path  angle*  l.t  deg  X 

xxxxxxtxxxxxxttx  Percentage  of  uear  that  valvea  are  exceeded*  I.SM  > 

*  Attenuation  extraaa*  Ain,  Rax  •  3.57#,  9.193  <d>)  I 

*  X 

txxxtxtxxtxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxtxxxxxxtxxxxxxxxxx 

xxxxxxxxxxtxxxxxxxxxxxxtxxxxxxtxxxxxxxxxtxxxxxxtxxxxxxxxxtxxxxx 


X  X 


ss-x 

3. 57 

3.94 

3.97 

3.  £2 

3. £5 

4.92 

4.67 

4.13 

4.29 

4.27 

X 

S4-X 

4.68 

4.13 

4. IE 

3.98 

4.92 

4.42 

4.48 

4.54 

4.76 

4.64 

X 

53-X 

5.39 

4.22 

4.  £4 

4.18 

4.69 

4.65 

4.71 

5.16 

5.24 

5.98 

X 

sa-x 

5.12 

5.48 

5.44 

4. £7 

<4.71 

4.76 

5.22 

5.29 

5.38 

5.31 

X 

L 

Sl-X 

5.78 

5.81 

5.43 

4.69 

4.91 

5.21 

5.27 

5.35 

5.36 

<n 

• 

* 

%n 

A 

X 

T 

59-X 

£.38 

5.89 

S.l£ 

5.46 

5.31 

5.53 

5.69 

6.17 

5.85 

5.19 

I 

X 

T 

49-X 

£.19 

5.79 

5.15 

5.67 

5.86 

6.19 

6.27 

6.M 

6.99 

7.11 

U 

X 

D 

48-X 

-l.M 

5.78 

5.15 

5.87 

6.29 

6.44 

6.52 

6.78 

6.52 

6.63 

E 

X 

47-X 

-1.96 

-1.88 

-1.99 

6.14 

6.19 

6.77 

6.85 

6.94 

S.M 

8.23 

( 

X 

D 

46-X 

-1  .#• 

-l  .98 

-1.99 

-l.M 

6.52 

6.99 

7.97 

7.17 

8.M 

8.21 

E 

X 

C 

45-X 

-l.M 

-1.88 

-1.99 

-1.99 

7.12 

7.35 

7.43 

7.48 

8.99 

8.22 

a 

X 

) 

44-X 

-l.M 

-1.98 

-1.99 

-1.99 

7.79 

7.78 

7.87 

7.66 

S.M 

8.22 

X 

43-X 

-1  .M 

-1.98 

-1.99 

-1.99 

8.98 

9.67 

7.88 

7.98 

8.19 

-1.99 

X 

42-X 

-1.98 

-1.99 

-1.99 

-1.99 

-1.99 

9.99 

9.19 

-1.99 

-l.M 

-l.M 

X 

41-1 

8.98 

9.99 

9.99 

9.99 

9.99 

9 .  M 

9.99 

9.99 

9.99 

6.M 

X  X 
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Table  37 

ttxttxxxixxtxxxtxxxxtxxxttxxxttxxxxitixxaxtstxxxtxfsxxxxxtxxtxtixxxttxxx 


t  X  Satellite  located  at  1NJ  da f  longj  Fraqi  44.9  OH*  X 

X  ATT.  TABLE  X  Sits  diversity!  N  j  site  separation  diet.  •  M  ka  X 

*  X  laselins  to  path  angle*  *.•  dag  X 

XXXtXXXtXXXtXXXt  Percentage  of  uear  that  valve*  are  exceeded!  9.566  X 

*  Attenuation  extras*!  Kin.  flax  •  3.237,  8.714  (di)  x 

X  X 


stxxxxttxxxxxxxxxxxxxxxtxxxxxxxxxxxxtxxxxxxxtxxxxxxxxxxxxxxxxxxsxxxxxxxx 


xttttxxxxxxttxxxxttxxxtttxxxxttxxxxxxtxtxxtxttxxxtxxsxtttxxxtt 

X 


ss-x 

5.33 

5.12 

4.68 

4.66 

4.64 

4.26 

4 

35 

4.58 

4 

.59 

4.11 

54-X 

5.14 

5.18 

4.81 

4.39 

4.37 

4.61 

4 

68 

4.68 

4 

.18 

4.19 

53-X 

4. IS 

4.82 

4.7D 

4.38 

4.36 

4.73 

5 

89 

5.89 

5 

.16 

5.37 

sa-x 

4. *3 

4.81 

4.78 

4.36 

4.35 

5.68 

6 

68 

5.42 

5 

.42 

5.26 

L 

A 

51  -X 
X 

3.78 

4.22 

4.28 

4.17 

4.17 

4.98 

5 

23 

5.55 

5 

.56 

5.75 

T 

l 

S8-X 

X 

3.24 

3.74 

4.11 

4.17 

4.16 

4.62 

5 

68 

5.27 

.71 

6.46 

T 

U 

49-x 

X 

3. SB 

3.35 

3.86 

4.16 

3.75 

4.44 

5 

67 

6.22 

.42 

6.45 

D 

E 

48-t 

X 

-1.8# 

-1.88 

-1.88 

-1.88 

-1.66 

-1.66 

*  1 

88 

-1.88 

•  t 

.88 

-1.66 

< 

47-X 

t 

-1.88 

-1.88 

-1.88 

-1.88 

-1.66 

-1.66 

~  1 

66 

-1.88 

•  1 

.88 

-1.88 

D 

E 

48-t 

X 

-1.88 

-1.88 

-1.88 

-1.88 

-1.66 

-1.88 

*1 

66 

-1.66 

•1 

.88 

-1.88 

G 

4S-X 

-1.88 

-1.88 

-1.88 

-1.68 

-1.66 

-1.66 

-1 

66 

-1.88 

-1 

.88 

-1.88 

) 

44-t 

-1.88 

-1.88 

-1.88 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.66 

-1 

.88 

-1.88 

43-1 

-1.88 

-1.88 

-1.88 

-1.66 

-1.66 

-1.66 

-1 

66 

-1.88 

-1 

.88 

-1.88 

• 

-1.88 

-1.88 

-1.88 

-1.88 

-1.66 

-1.88 

-l 

66 

-1.66 

-1 

.88 

-1.88 

41  -X 
B 

8.88 

8.88 

8.88 

6.88 

6.88 

6.88 

6 

66 

6.66 

.88 

6.88 

1 

113 

1 

111 

1 

188 

1 

167 

1 

185 

1 

163 

1 

It! 

1 

99 

•  III 

1 

97 

95 

LONGITUDE  (KG.) 
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Table  38 


XXttXXtXXltXXttXXXlXtXtXXtSStXttlltSXtlStXttSIttXtXSIXXXIXSIXXXXtXXXtXXX 
x  x  Satellite  located  at  1IM  deg  toagj  Fregi  44.9  GHi  x 
x  ATT.  TAILS  X  Site  dlveraltyt  N  ;  aite  separation  diet.  •  M  ke  X 
x  X  taaetine  to  path  angle*  M  deg  X 
xxxxxxxxt xxxxxxx  Percentage  of  gear  that  values  are  exceeded*  I.SM  X 
X  Atteauetion  extreeai  Ain,  Hex  *  2.1*4.  5.191  <dl)  X 
t  X 

xxxxxxxxt xxxxtxxixxixxxxxxsxxxxxxxxxxssxixxxxsxxxxxxxxxxxxtxxxxitxxxxxxx 


XX  XX  tt  xxxxxxx  xx  txxxxtxxxtt  ttxxtttxxxxt  xtxxxttttxxtxt  xxxxxxxxt  X 
X 


SS-X  -l.M  - 1 . -I.M  2 

.62 

2 

.39 

2.65 

3.42 

3.77 

3.59 

4.52 

S4-X  -1.**  -l.M  -l.M  -1 

.M 

2 

.26 

4.19 

3.26 

3.53 

4.55 

5.19 

S3-X  -l.M  -l.M  -l.M  -1 

.M 

-1 

.M 

-l.M 

3.99 

3.74 

4.53 

5.17 

52 -X  -l.M  -l.M  -l.M  -l 

.M 

-1 

.M 

-l.M 

2.17 

3.73 

3.46 

4.31 

L 

51-X  -1.**  -l.M  -l.M  -1 

.M 

-| 

.96 

-1 .99 

2.17 

2.14 

3.67 

3.27 

A 

X 

T 

se-x  -i.**  -i.M  -l.M  -i 

.M 

-1 

.69 

-1.99  - 

1.99 

2.13 

2.11 

3.63 

I 

X 

T 

49-t  -l.M  -l.M  -l.M  -1 

.6# 

-1 

.99 

3.36  - 

1.99 

2.15 

2.19 

2.95 

U 

X 

D 

48-X  -l.M  -l.M  -l.M  -1 

.M 

-1 

.99 

-1.99  - 

1.99 

-1.99 

-l.M 

-l.M 

E 

X 

47— X  -l.M  -l.M  -l.M  -1 

.M 

-1 

.99 

1.99 

-1.99 

-l.M 

-1.99 

< 

X 

D 

46-X  -l.M  -l.M  -l.M  -l 

.M 

-1 

.99 

-1*99  - 

1.19 

-1.99 

-l.M 

-l.M 

E 

X 

0 

45-X  -l.M  -l.M  -l.M  -1 

.M 

-1 

.99 

-1*99  - 

1.99 

-1.99 

-l.M 

-1.99 

5 

44-X  -l.M  -l.M  -l.M  -1 

.M 

-1 

.99 

-1.19  - 

1.99 

-1.99 

-l.M 

-1.99 

43-X  -l.M  -l.M  -l.M  -1 

.M 

-1 

.99 

1.99 

-1.99 

-l.M 

-1.99 

42-t  -l.M  -l.M  -l.M  -1 

.M 

-1 

.99 

-1.99  - 

1.99 

-1.99 

-1.99 

-l.M 

41  -X  *.M  X.M  l.M  • 
X 

.M 

• 

.99 

9.99 

9.99 

9.99 

9.99 

l.M 

llll 

133  131  129  127 

1 

12S 

1 

123 

• 

121 

1 

119 

1 

117 

1 

11$ 

LONG 
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Table  39 


xtsxttxxtxxttxxxxxxxtxxxxxxxxxxxxxtxtxxxxxxtxxxxxxxtxxxxxxxxxxxxxxxxxxx* 


*  Satellite  located  at  199.9  deg  longj  Freqi  44. •  GMx  > 

*  Site  divaraityi  N  j  alte  separation  diet.  •  t.l  ka  t 

*  Baaeline  to  path  angle*  9.9  deg  ( 
mutmmtut  Percentage  of  uear  that  values  are  exceededi  t.SM  * 

•  Ail _ S  . _ _ I _ _ _  ■  i  .  Ml _ _  4  4  PPM  /  J*  k  e 


*  ATT.  TABLE 

« 


Attenuation  axtreaal  Nil,  Rax  ■  1.423, 


4.569  CdB>  * 
* 


it******!*************************************************************** 


xxxxtxxxstxttxxxxtxttttxttttttstxtttttxxtttxxttttttttttttttttx 

X 


70-X 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1 

.99 

-1.99  -1 

.99 

69-* 

-1.99 

-1  .99 

-1.99 

-1.99 

-1.89 

-1.99 

-1.99 

-1 

.99 

-1.98  -1 

.99 

68-* 

-1.99 

-1.99 

-1.99 

-1.99 

-1.9* 

-1.99 

-1.99 

-1 

.99 

-1.96  -l 

.99 

67-* 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1 

.99 

-1.99  -1 

.99 

L 

66-* 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

.99 

-1.99  -1 

.99 

A 

* 

T 

I 

T 

65-* 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1 

.99 

-1.99  -1 

.99 

64-* 

1.42 

1.45 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

.99 

-1.99  -1 

.99 

U 

* 

D 

63-* 

1.81 

1.71 

1.74 

1.48 

-1.99 

-1.99 

-1.99 

-| 

.99 

-1.99  -1 

.99 

E 

* 

( 

D 

62-* 

2.S9 

2.15 

2.21 

1.76 

1.49 

1.83 

-1.99 

-1 

.99 

-1.99  -1 

.99 

61-* 

2.86 

2.99 

2.67 

1.97 

2.91 

2.29 

2.12 

•  | 

.99 

-1.99  -1 

.99 

E 

* 

G 

66-* 

3.34 

3.13 

2.65 

2.46 

2.48 

3.42 

3.17 

2 

.15 

-1.99  -1 

.99 

) 

59-* 

3.31 

3.52 

3.92 

2.67 

3.32 

3.39 

3.55 

3 

.59 

3.69  -1 

.99 

58-* 

3.44 

4.99 

3.77 

3.53 

3.41 

3.77 

3.89 

3 

.84 

3.95  -1 

.99 

57-* 

3.91 

3.68 

3.96 

3.72 

3.89 

4.99 

4.18 

4 

.29 

4.2$  4 

.38 

56-* 

3.93 

3.98 

4.16 

4.93 

4.38 

4.26 

4.3S 

4 

.46 

4.43  4 

.56 

81 

79 

77 

75 

73 

71 

69 

67 

66 

63 
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Table  40 


xixixxxxxxxxxxxxxxxixxxxxxxxxxxxxixxxxxxxxxxixxxxxxxxxxxxxxxxxxxxxxxxxxx 

(  t  Satellite  located  at  199.8  dag  long;  Freqi  44.9  CHi  * 

S  ATT.  TABLE  >  Site  diversity!  N  ;  sita  separation  dist.  •  9.9  ka  X 

X  X  Baseline  to  path  angle*  8.8  dag  X 

XXXXXXXXXXXXXXtX  Percentage  of  year  tkat  values  are  exceeded!  9.698  x 

*  Attenuation  axtreaai  Ain,  Hex  •  1.937,  4.272  (dll  X 

X  * 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

A  * 


L 

A 

T 

I 

T 

u 

D 

E 

( 

D 

E 

c 


78-X 

-1.98 

-l.M 

-1.89 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

-1.99 

6D-X 

-1 

-1  .99 

-1.99 

1.87 

-1.99 

-1 .99 

-1.99 

-1.99 

-1.99 

-1.99 

X 

68-X 

1 . 27 

1.64 

1.27 

1.94 

1.95 

1.95 

-1.99 

-1.99 

-1.99 

-1.99 

67-X 

1 . 37 

1.37 

1.37 

1.13 

1.14 

1.14 

-1.99 

-1.89 

-1.99 

-1.88 

66-X 

1.73 

1.51 

1.52 

1.26 

1.53 

1.27 

-1.99 

-1.99 

-1.88 

-1.98 

X 

6S-X 

1.84 

1.84 

1.85 

1.63 

1.63 

1.64 

1.38 

1.39 

-1.99 

-1.99 

X 

64-X 

1.S1 

1.91 

2.15 

2.94 

2.95 

2.96 

1.76 

1.37 

1.39 

1.49 

X 

63-8 

2.23 

2.92 

2.45 

2.46 

2.47 

2.48 

2.15 

2.52 

2.19 

2.22 

X 

62- X 

2.45 

2.23 

2.79 

2.43 

2.87 

2.68 

2.79 

2.73 

2.38 

2.19 

X 

61-X 

2.18 

2.42 

2.68 

2.63 

2.93 

2.95 

2.67 

2.79 

2.73 

2.76 

X 

69-1 

2.35 

2.26 

2.89 

2.89 

2.91 

2.92 

2.94 

2.97 

2.79 

3.94 

X 

S9-X 

2.62 

2.49 

2.87 

2.87 

3.13 

3.14 

3.17 

3.19 

3.23 

3.26 

X 

58-X 

2.61 

2.61 

2.61 

3.71 

2.87 

2.88 

2.99 

3.17 

3.29 

3.66 

X 

57-X 

3.92 

3.92 

3.55 

2.69 

2.61 

3.18 

3.75 

3.78 

3.82 

3.86 

X 

58-X 

4.11 

3.56 

3.91 

3.92 

3.24 

3.58 

3.61 

4.27 

3.83 

3.88 

X 

>  1  i  1  1  I  1  I  1  I 

181 

99 

97 

96 

93 

91 

89 

87 

85 

S3 

LONGITUDE  (DEG.) 
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Table  41 


txxttxxxxxxxxxixxxxxixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxitxxxxxxxixxxxxi x 

t  X  Sitilllii  located  at  166.6  dag  long)  Fregt  44.#  GHi  X 
*  ATT.  TABLE  t  Slta  diversity)  N  j  site  separation  dlat.  •  M  ka  X 
X  x  Baseline  to  patk  angle*  M  dag  s 
limttnttttUS  Percentage  of  uear  that  valves  are  exceeded)  4.544  X 
X  Attenuation  extreeai  Nin,  Rex  •  1.274,  4.865  (dB)  X 
t  X 
ttXXXXXXtXXMMXXXXXXXXXXtXXXXXXlXXXXtXXXXXXXXXXXXXXXiXXXXXXXXXXXtXXXXXXXX 


xxxxxxxtxxxxxxxxxxxxxxtxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


L 

A 

T 

I 

T 

u 

0 

E 

( 

D 

E 

G 


74-X 

0 

-1.64 

-1.46 

-1.64 

-1.64 

-1.44 

-1.44 

-1.44 

-1.44 

-1.64 

-1.66 

69-X 

1.8S 

1.82 

1.79 

1.76 

1.74 

1.72 

-1.44 

1.52 

-1.66 

-1.66 

X 

68-X 

1.96 

2.11 

2.48 

2.65 

1.86 

1.84 

1.82 

1.48 

1.48 

1.27 

X 

67-X 

2.33 

2.29 

2.26 

2.23 

2.62 

2.44 

1.99 

1.88 

1.68 

1.67 

X 

66-X 

2.46 

2.S9 

2.5S 

2.52 

2.33 

2.12 

2.16 

2.69 

1.88 

1.88 

X 

65-4 

2.71 

2.66 

2.63 

2.59 

2.29 

2.37 

2.17 

2.16 

2.15 

1.85 

X 

64-X 

3.41 

2.96 

2.92 

2.98 

2.53 

2.67 

2.32 

2.13 

2.12 

2.11 

X 

63-X 

3.12 

3.48 

3.43 

2.85 

2.82 

2.79 

2.62 

2.43 

2.24 

2.23 

X 

62-X 

3.45 

3.46 

2.96 

2.79 

2.93 

2.74 

2.74 

2.57 

2.44 

2.45 

X 

61-X 

3.14 

2.79 

2.81 

2.78 

2.75 

2.73 

2.69 

2.54 

2.53 

2.37 

X 

68-X 

3.15 

3.16 

2.95 

3.31 

3.28 

2.76 

2.68 

2.67 

2.77 

2.56 

X 

S9-X 

3.19 

3.23 

3.14 

3.41 

3.37 

3.61 

3.11 

3.28 

2.64 

2.63 

X 

58-X 

3.14 

3.26 

3.49 

3.76 

3.73 

3.62 

3.66 

3.58 

3.27 

3.38 

X 

57-X 

a 

3.29 

3.47 

3.43 

3.72 

3.68 

3.65 

3.63 

3.66 

3.94 

3.93 

56-X 

* 

3.43 

3.53 

3.74 

3.48 

4.54 

4.46 

4.66 

4.64 

4.62 

4.61 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

1  1  1  1  1  1  1  1  I  1 

121 

119 

117 

115 

113 

111 

169 

147 

165 

163 
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Table  42 


tmmtmmttmitimutumimtiiitmimumiiiiimutmti 

X  Satellite  located  at  Itt.l  dsf  long;  Freqi  44.8  GHt 
ATT.  TADLE  I  Site  divaraitgt  N  >  aita  aeperation  dial.  •  9.6  ka 
*  Deadline  ta  path  angle*  9.9  dag 

**** ***********  Percentage  of  uaar  that  valued  are  exceededi  I.SM 

Attenuation  exlreeai  Bln.  Bax  •  1.113.  3.853  <dl) 


t ox*************************** ****** t************************* 


t  t 


78-*  -1.96 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.66 

-1.66 

-l.M 

-1.68 

t 

69-*  3 . 25 

3.18 

3 .  M 

2.89 

8.88 

8.71 

2.64 

2.57 

2.51 

1.88 

X 

68*  3. IS 

3.88 

2.91 

8.81 

8.78 

2.64 

2.67 

8.51 

8.45 

8.66 

X 

67-*  3.86 

2.94 

8.83 

2.74 

8.66 

8.86 

8.73 

2.66 

2.66 

8.37 

( 

L 

66-*  2.98 

8.87 

3.81 

2.91 

2.88 

2.74 

2.67 

2.61 

2.55 

2.66 

A 

* 

T 

65-*  - J . 

8.81 

8. 85 

2.85 

8.77 

2.89 

8. at 

2.75 

2.69 

8.64 

I 

X 

T 

64-*  -1.66 

2.76 

8.76 

3.81 

8.98 

3.68 

8.94 

2.87 

2.94 

8.98 

U 

( 

D 

63-*  -l.M 

8.71 

8.71 

2.63 

3.6S 

3.14 

3.66 

2.99 

3.85 

8.99 

E 

< 

68-*  -l.M 

-1.88 

2. as 

8.76 

8.99 

3.85 

3.17 

3.16 

3.63 

8.98 

( 

* 

D 

61-*  -l.M 

-1.88 

3.13 

3.83 

2.9S 

2.87 

3.13 

3.66 

3.8# 

3.67 

E 

S 

G 

68-*  -1.66 

-1.88 

-1.88 

3.88 

2.98 

8.84 

2.78 

2.71 

2.66 

8.86 

• 

* 

) 

SB-*  -1  .M 

-1.88 

-1.88 

•1.88 

2.89 

2.88 

8.75 

8.69 

2.76 

2.94 

* 

58-*  -1.68 

-1.88 

-1.88 

-1.88 

-1.88 

2.79 

2.73 

8.67 

2.74 

3.88 

* 

57-*  -1.88 

-1.88 

-1.88 

-1.88 

-1.98 

-1.66 

2.71 

8.77 

2.68 

3.16 

* 

S6-*  -1.88 

-1.88 

-1.88 

-l.M 

-l.M 

-1.66 

-1.66 

2.76 

2.61 

2.85 

* 

*****((] 

i 

itttttt 

i 

Ittlttl 

1 

Itttttt 

t 

itttttt 

1 

tttttt 

1 

Itttttt 

1 

tttttt 

1 

*88881 

Itttttt 

1 

18 

141 

139 

137 

13S 

133 

131 

189 

127 

185 

123 
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Table  43 


*  Satalllia  locatad  ai  1IM  dag  long;  Fraqt  44. •  QHs  * 
ATT.  TABLE  *  Slta  dlvarallyi  N  j  alia  aaparatlon  dial.  •  M  ka  I 
t  Baaaliaa  to  paik  aagla*  *.*  dag  t 

ttttllUIttilti  Parcanlaga  of  year  that  walaaa  ara  axcaadadi  I.IM  I 
Aiiaaaaiioa  axiraaat  Ni*.  Has  •  4.573.  24.716  (dB>  * 

* 

utmumtimmiimmimtttmtttitimiuiniitttititmmuit 


xt***x***tx****sttt *********************** **x**t***>(*ss*stts*: 

X 


55-* 

9.12 

9.91 

16.14 

16.39 

16.46 

9.97 

16.28 

-1.66 

-1.66 

-1.66 

S4-* 

It. 67 

16.41 

16. 6S 

16.91 

16.81 

16.55 

16.88 

16.56 

-1.66 

-1.66 

S3-* 

It. 49 

11.65 

11.36 

11.57 

11.34 

11.47 

11.24 

11.18 

-1.66 

-1.66 

52-* 

11.35 

11. 44 

11.69 

11.17 

11.83 

12.16 

11.96 

11.76 

4.57 

-1.66 

L 

S1-* 

11.56 

16.67 

16.91 

12.69 

11.42 

12.11 

12.48 

12.56 

9.44 

-1.66 

A 

c 

T 

I 

T 

SB-* 

12. 2t 

11.83 

12.69 

12.25 

12.97 

13.69 

13.66 

13.42 

13.89 

14.41 

49-* 

11.62 

11.85 

12.36 

12.99 

13.32 

13.28 

14.67 

15.45 

14.82 

14.35 

U 

S 

D 

4B-* 

15.91 

16.44 

14.27 

12.96 

13.29 

9.18 

16.61 

16.73 

16.62 

17.83 

E 

* 

< 

D 

47-* 

18.43 

19.89 

16.99 

15.26 

11.31 

12.53 

16.48 

16.69 

17.15 

17.78 

46-* 

19.67 

18.79 

16.55 

15.18 

11.39 

12.51 

12.88 

19.15 

23.69 

23.93 

E 

* 

G 

45-* 

19.62 

18.78 

26.29 

17.99 

19.48 

26.66 

26.58 

21.68 

22.39 

-1.66 

') 

44-* 

-1.66 

-1.66 

26.28 

21.82 

23.46 

24.62 

24.72 

-1.66 

-1.66 

-1.66 

43-* 

-1.66 

-1.66 

-1.66 

21.82 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

42-* 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

-1.66 

41-5 

I 

9.M 

6.66 

6.66 

6.66 

6.66 

6.66 

6.66 

9.66 

6.66 

6.66 

1 

73 

1 

71 

1 

69 

1 

67 

1 

65 

1 

63 

1 

61 

1 

59 

1 

57 

1 

55 
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Table  44 


itiimittiitmimitiittiitmtiiiiitittimiitttintimttmutmu 


x  t 

«  ATT.  TABLE  X 
X  X 

txxttxxtttsxxtxx 
X 
X 


SiUIIHi  located  at  1H.I  dag  longj  Fregi  44.9  CHs  X 
Sita  divaraity)  N  j  alia  separation  diit.  •  M  ka  X 
laaalina  is  path  angle*  M  dag  X 
Percentage  of  year  ikai  values  are  axcaadadi  9.199  X 
Attenuation  aitraaa>  Bln,  Rax  •  7.155,  25.23#  (dl>  X 

X 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


X  X 


55-X 

7.86 

8.67 

8.73 

7.96 

8.94 

8.85 

8.96 

9.99 

9.24 

9.49 

X 

S4-X 

19.12 

9. #9 

9.16 

8.77 

8.85 

9.73 

9.86 

19.99 

19.48 

19.66 

X 

S3-X 

11.86 

9.28 

19.21 

9.29 

19.12 

19.23 

19.36 

11.35 

11.53 

11.18 

X 

52 -X 

11.26 

11.89 

11.97 

19.27 

19.37 

19.48 

11.49 

11.65 

11.83 

11.68 

X 

L 

Sl-X 

12.71 

12.78 

11.95 

19.33 

19.79 

11.46 

11.69 

11.76 

11.89 

12.99 

A 

X 

T 

5#-X 

14.  #3 

12.76 

11.35 

12.92 

11.67 

12.18 

12.33 

13.57 

12.88 

11.43 

I 

X 

T 

49-X 

13.61 

12.74 

11.34 

12.48 

12.99 

13.63 

13.79 

14.96 

15.39 

15.65 

U 

X 

D 

48-X 

-1.8# 

12.73 

11.33 

12.92 

13.64 

14.18 

14.35 

14.75 

14.36 

14.69 

E 

X 

47 -X 

-1.99 

-1.99 

-1.99 

13.59 

13.63 

14.89 

15.97 

15.27 

17.81 

18.19 

( 

X 

D 

46-X 

-1.99 

-1.99 

-1.99 

-l.M 

14.34 

15.38 

15.56 

15.77 

17.89 

18.97 

E 

X 

C 

45-X 

-l.M 

-1.99 

-1.99 

-l.M 

15.68 

16.17 

16.36 

16.45 

17.89 

18.99 

a 

X 

) 

44-X 

-t.## 

-1.99 

-1.99 

-l.M 

16.93 

17.11 

17.31 

16.91 

17.89 

18.99 

X 

43-X 

-1.88 

-1.99 

-1.99 

-1.99 

19.76 

19.97 

17.33 

17.56 

17.82 

-1.99 

42-X 

-l.M 

-1.99 

-1.99 

-l.M 

-l.M 

29. M 

29.23 

-l.M 

-1.99 

-1.99 

X 

41  -X 
X 

9.99 

9.99 

9.99 

9.99 

9.99 

9.M 

9.M 

9.M 

9.99 

9.99 

1 

93 

t 

91 

1 

SB 

1 

87 

1 

85 

1 

83 

1 

81 

1 

79 

1 

77 

ttmu 

i 

75 
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Table  45 


miuttmmiimtatuiiitutttuittmttiituumttitititittittiut 
t  >  Satellite  located  at  1H.I  deg  loagj  Preq«  44.0  GHt  I 
t  ATT.  TAiLE  <  Site  dlveraltgi  N  j  alte  separation  dlat.  •  0.0  ke  X 
X  X  laaellae  to  patk  eagle*  l.t  deg  x 
XXXt XXXXXXXXXXXX  Percentage  of  ueer  tkat  values  are  exceeded'  MM  X 
X  Attenuation  aitreaal  Rm,  Rax  •  7.123,  Id. 77*  (dl)  X 
x  > 

XXXXXXXXXXXXSXXXXXXXXXXXXXIXXXXIIXXXXSXXXXXSXXXXXXIXXXXXXXXXXXXXXXXXSXXX 


X  X 

55- X  11.74  11.27  1*. 3*  1*.2S  l*.2l  0.23  9. 57  10.08  10.00  9.04  X 

X  X 

S4-X  11.31  11.22  10. S8  9.66  9.6a  10.14  10.12  10.12  9.20  9.22  X 

X  * 

S3-X  10.70  10.62  10. S4  9.63  9.59  10.42  11.20  11.20  11.21  11.01  X 

X  X 

S2-X  8.86  10.59  10.51  9.60  6.56  11.18  11.17  11.92  11.94  11.58  X 

X  X 

l  Sl-X  8.32  9.30  9.23  9.18  9.18  10.78  11.51  12.21  12.23  12.66  X 

AX  X 

T  50-X  7.12  8.24  9.05  9.17  9.16  19.18  11.18  11.59  14.78  14.21  X 

I  X  X 

T  49-X  7.89  7.37  8.S0  9.16  8.25  9.77  11.16  13.68  14.13  14.19  X 

U  X  X 

0  48-X  -1.00  -1.00  -1.99  -1.00  -1.00  -1.00  -1.00  -1.00  -1.00  -1.09  X 

EX  X 

47-X  -1.00  -1.00  -1.00  -1.00  -1,00  -1.09  -1.00  -1.00  -1.00  -1.00  X 

(  X  X 

D  46- X  -1.90  -1.99  -1.00  -1.99  -1.00  -1.00  -1.00  -1.00  -1.00  -1.00  X 

EX  X 

G  4S-X  -1.99  -1.00  -1.99  -1.00  -1.00  -1.00  -1.00  -1.00  -1.00  -1.00  X 

X  X 

)  44-X  -1.99  -1.00  -1.00  -1.00  -1.00  -1.00  -1.00  -1.00  -1.00  -1.00  X 

X  X 

43-X  -1.00  -1.00  -1.99  -1.99  -1.09  -1.00  -1.90  -1.99  -1.00  -1.00  X 

X  X 

42-X  -1.00  -1.00  -1.99  -1.99  -1.00  -1.00  -1.99  -1.99  -1.00  -1.00  X 

X  X 

41-X  9.99  0.99  9.99  9.00  0.00  0.00  0.00  9.00  9.00  0.90  X 

X  X 


i  i  i  i  i  i  t  i  i  i 


113  111  199  107  105  193  191  99  97  95 
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Table  46 


txxxxtxxxxtxxxtxtttxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
X  Salallita  locatad  at  199.9  dag  long)  Fraqi  44.0  QHt 
ATT.  TAILS  *  Slta  divaraityi  N  j  atta  aaparation  dlat.  •  9.9  ka 

laaalina  to  path  angla*  dag 

Parcantaga  of  yaar  that  vaUaa  ara  axcaadadi  I.1M 
Attanwation  atlraatl  Bin,  Bax  •  4.629,  11.424  (dl) 


X 
X 


X 

SS-X  -l.M  -l.M  -1 

xxxxxx 

.99  $ 

XXXXXX 

.76  S 

.25  5 

XXXI 

.22 

7.52 

8.39 

XXXX1 

7.71 

XXXXXI 

9.95 

tl 

54-X  -l.M  -l.M  -1 

.99  -1 

.99  4 

.92  9 

.93 

7.17 

7.77  19.92 

11.42 

S3-X  -1.69  -l.M  -1 

.99  -1 

.M  -1 

.99  -1 

•  M 

6.29 

2.23 

9.92 

11.32 

52-X  -l.M  -l.M  -1 

.99  -1 

.99  -1 

.M 

4.72 

8.29 

7.62 

9.48 

L 

A 

51 -X  -1.66  -1.69  -1 
X 

.99  -1 

.99  -1 

.M 

4.77 

4.79 

2.92 

7.29 

T 

I 

S9-X  -1.99  -1.99  -1 
X 

•  it  —  1 

a  it  —  1 

.99  -1 

.M 

—  1  a  it 

4.69 

4.64 

7.98 

T 

U 

49-X  -1.99  -1.99  -1 
X 

•  it  —  1 

a  it  -  1 

.99  7 

.49 

-l.M 

4.73 

4.63 

6.49 

• 

E 

49-X  -1.99  -1.99  -1 
X 

a  it  —  1 

a  it  -  1 

.99  -1 

.99 

- 1  a it  — 

l.M  - 

l.M 

-l.M 

( 

47-X  -l.M  -1.99  -1 
X 

a  it  —  1 

a  it  -  1 

.99  -1 

.99 

—  1  a it  — 

1.99  - 

l.M 

-l.M 

0 

E 

46- X  -l.M  -1.99  -1 
X 

a  it  -  1 

a  ti  -1 

.99  -1 

.99 

—  la  ti  * 

l.M  - 

l.M 

-1.99 

G 

45-1  -l.M  -1.##  -1 

- 1 

a  ••  -l 

.99  -1 

.99 

—la it  - 

1.99  - 

l.M 

-l.M 

) 

44-*  -l.M  -l.it  -l 

.99  -1 

.99  -1 

.99  -l 

.99 

-1.99  - 

1.99  - 

l.M 

-l.M 

43-*  -l.M  -l.M  -1 

.99  -1 

.99  -1 

.99  -1 

.M 

-1.99  - 

1.99  - 

l.M 

-l.M 

42-t  -l.M  -l.M  -1 

.99  -1 

•  M  -1 

.99  -1 

.99 

-1.99  - 

1.99  - 

l.M 

-l.M 

41-1  9.99  9.M  9 

X 

•  M  9 

.99  9 

XXXXXX 

.M  9 

XXXXXX 

.99 

XXXI 

9.99 

9.99 

XXXXXX 

9.99 

XXXXI 

9.M 

XXXXXI 

tx 

•  1  1  I  '  I  I  I  I  I 

133  131  129  127  125  123  121  119  117  11$ 
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Table  47 


sxxtxxiixxtxxxxxixxxxxxixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxixxxxxxxxxxxxxx 

t  X  SitilUta  located  at  til. •  dag  long)  Fraqt  44. •  CHs  X 
I  ATT.  TABLE  X  Site  dlveraltyi  N  j  slta  aeperation  diet.  •  ka  I 
X  X  Baeellne  to  path  angle*  #.•  dag  X 
XXXXXXXXXX1XXXXX  Parcaniaga  of  year  that  valuaa  ara  axcaadadi  8.188  X 
X  Attenuation  axtreaa'  Pin.  Rax  •  3.138.  18.833  (dl)  X 
X  X 


xxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X 


xxxxxxx 


78-X 

-1.88 

-1.88  - 

1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88  -1 

.88 

-1.88 

69-X 

-1.88 

-1.88  - 

1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88  -1 

.88 

-1.88 

68-X 

-1.88 

-1.88  - 

1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88  -1 

.88 

-1.88 

67-X 

-1.88 

-1.88  - 

1 .88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88  -1 

.88 

-1.88 

L 

G6-x 

-1.88 

-1.88  - 

1.88 

-1.88 

-1 .88 

-1.88 

-1.88 

-1.88  -1 

.88 

-1.88 

A 

X 

T 

65-X 

-1.88 

-1.88  - 

1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88  -1 

.88 

-1.88 

I 

X 

T 

64-X 

3.13 

3.18  - 

1.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.88  -1 

.88 

-1.88 

U 

X 

D 

63-X 

3.90 

3.77 

3.84 

3.26 

-1.88 

-1.88 

-1.88 

-1.88  -1 

.88 

-1.88 

E 

X 

( 

D 

68-X 

S .  78 

4.74 

4.87 

3.87 

3.28 

4.84 

-1.88 

-1.88  -1 

.88 

-1.88 

SI  -X 

6.89 

6.38 

5.89 

4.33 

4.42 

5.83 

4.66 

-1.88  -1 

.88 

-1.88 

E 

X 

C 

68-X 

7.34 

6.88 

5.83 

5.42 

5.46 

7.63 

6.98 

4.73  -1 

.88 

-1.88 

) 

S9-X 

7.88 

7.74 

6.64 

5.89 

7.38 

7.46 

7.81 

7.71  7 

.92 

-1.88 

S8-X 

7.57 

8.88 

8.29 

7.77 

7. SI 

8.29 

8.65 

8.45  8 

.69 

-1.88 

57-X 

8.61 

8.18 

8.72 

8.18 

8.56 

9.88 

9.21 

9.44  9 

.36 

9.64 

56  I 

X 

8.64 

8.76 

9.15 

8.97 

9.64 

9.37 

9.58 

9.82  9 

.75 

18.83 

f 

81 

1 

79 

77 

1 

7S 

1 

73 

1 

71 

1 

69 

1 

67 

I 

65 

1 

63 
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Table  48 


I  t  Satellite  located  at  199.9  dag  longi  Fregi  44.8  OHi  X 
(  ATT.  TA1LE  *  Site  diversity!  H  i  alia  separation  diat.  •  9.9  ka  X 
*  I  liialma  to  path  angle*  dag  X 
StXlXttXXXXXSSXX  Parcantaga  of  year  that  values  are  exceeded!  9.199  X 
t  Attenuation  exlreaai  Ain,  Rex  •  2.212.  9.491  (dll  X 
X  X 

xxxtttxxttxxxtxxxxxxsxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxaxxx 


xtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X 


79-t 

-1.99 

-1.89 

-1.99 

-1.99 

-1.99 

-1.99 

-1.98 

-1  .99 

-1.98 

-1.99 

69-X 

-1.99 

-1.99 

-1.99 

2.34 

-1.88 

-1.99 

-1.99 

-1.99 

-1.89 

-1.88 

68-X 

2.89 

2.28 

2.89 

2.29 

2.39 

2.32 

-1.89 

-1.99 

-1.98 

-1.98 

67-X 

3.92 

3.92 

3.92 

2.49 

2.59 

2.52 

-1.99 

-1.88 

-1.99 

-1.98 

L 

66-X 

3.81 

3.33 

3.34 

2.77 

3.36 

2.89 

-1.99 

-1.99 

-1.98 

-1.98 

A 

X 

T 

65-X 

4.96 

4.96 

4.96 

3.58 

3.59 

3.62 

3.93 

3.96 

-1.88 

-1.88 

I 

X 

T 

64-X 

4.29 

4.29 

4.72 

4.48 

4.59 

4.53 

3.86 

3.92 

3.95 

3.99 

U 

I 

D 

63-1 

4.91 

4.46 

5.39 

5.41 

5.43 

5.46 

4.72 

5.66 

4.82 

4.88 

E 

s 

( 

D 

62-X 

5.39 

4.91 

5.96 

5.35 

5.87 

5.99 

5.94 

6.99 

5.23 

4.82 

6t-X 

4.81 

5.33 

S .  89 

5.78 

6.45 

6.49 

5.89 

6.94 

6.99 

6.97 

C 

X 

c 

69-X 

5.17 

4.97 

6.36 

6.37 

6.39 

6.43 

6.48 

6.63 

6.96 

6.68 

) 

S9-X 

5.78 

S .  47 

6.39 

6.32 

6.88 

6.92 

6.97 

7.93 

7.18 

7.18 

S«-X 

5.74 

5.74 

5.76 

8.16 

6.31 

6.34 

6.39 

6.98 

7.95 

8.96 

S7-X 

8.63 

8.63 

7.82 

5.73 

5.75 

6.99 

8.25 

8.32 

8.49 

8.59 

S6-X 

X 

9.95 

7.83 

8.69 

8.62 

7.14 

7.88 

7.93 

9.49 

8.43 

8.53 

1 

191 

f 

99 

1 

97 

1 

95 

| 

93 

1 

91 

t 

to 

f 

87 

1 

85 

1 

S3 
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Table  49 


*** ***************** ttss*t((x*s*i**t*(**x*t*i*xx*(*t*x**(t*astttts*tstss 

X  X  SatalUta  locatad  at  199. •  day  long;  Fraqi  44. 9  QHt  S 

X  ATT.  TABLE  X  Stla  divaraityl  N  ;  alia  aaparatlon  dial.  •  M  ka  t 

*  *  laaalina  to  path  angla*  M  dag  S 

XXXXXXXXXXXXXXXX  Parcantaga  of  uaar  tkat  valviaa  ara  axcaadadi  9.189  * 

t  Attanuatlon  axiraaai  Ala,  Rax  •  2.8*4,  19.265  (dl)  S 

(  X 

xttttxxtsxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


X  X 


7*-« 

-1  .*• 

-1.99 

-1.99 

-1.99 

-1.99 

-1.8* 

-1.99 

-1.99 

-1 .99 

-1.99 

* 

68-* 

4.96 

3.99 

3.93 

3.88 

3.83 

3.89 

-1.99 

3.34 

-1.69 

-1.66 

( 

68-* 

4.32 

4.65 

4.58 

4.S2 

4.68 

4.94 

4.91 

3.27 

3.25 

2.89 

X 

67-* 

5.13 

5.94 

4.97 

4.99 

4.4S 

4.41 

4.37 

4.13 

3.69 

3.68 

* 

L 

66-* 

5.41 

5.79 

5.62 

5.55 

5.12 

4.67 

4.63 

4.69 

4.14 

4.13 

A 

* 

T 

65-* 

5.96 

5.86 

5.78 

5.71 

5.94 

5.22 

4.78 

4.75 

4.73 

4.96 

I 

* 

T 

64-* 

6.62 

6.52 

6.43 

6.35 

5.57 

5.87 

5.11 

4.68 

4.66 

4.65 

U 

* 

D 

63-* 

6.88 

6.77 

6.68 

6.27 

6.29 

6.15 

5.76 

5.36 

4.93 

4.91 

E 

* 

62-* 

6.71 

6.69 

6.51 

6.14 

6.45 

6.92 

6.93 

5.66 

5.27 

5.39 

( 

* 

D 

61-* 

6.92 

6.13 

6.19 

6.12 

6.95 

6.99 

5.92 

5.59 

5.56 

5.21 

E 

* 

G 

6*-* 

6.92 

6.82 

6.59 

7.29 

7.21 

5.95 

5.99 

5.87 

6.99 

5.59 

a 

* 

) 

58-* 

7.92 

7.12 

6.82 

7.59 

7.42 

6.62 

6.84 

7.21 

5.89 

5.78 

* 

58-* 

6.92 

7.18 

6.79 

8.28 

8.29 

7.97 

7.92 

7.87 

7.19 

7.45 

( 

57-* 

7.24 

7.64 

7.55 

8.18 

8.19 

1.93 

7.98 

7.93 

8.67 

8.65 

* 

56-* 

S 

II 

7.54 

7.76 

8.23 

7.66 

9.99 

9.81 

19.26 

19.21 

19.17 

19.14 

i 

121 

i 

119 

1 

117 

1 

115 

1 

113 

1 

111 

I 

199 

1 

1#7 

1 

195 

1 

193 

L0H6ITUDE  (DEC.) 
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Table  50 


xxxxxxtxtxxxxxxtxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

X  X  StUllit*  located  at  199.9  d«f  longj  Frag*  44.9  CH*  * 

*  ATT.  TABLE  >  Site  diversity'  N  j  alta  separation  dial.  •  M  ka  t 

I  X  Baseline  to  path  angle*  M  deg  X 

XXXXXXXXXSXXXXXX  Percentage  of  gear  that  values  are  exceeded'  I.1H  X 

X  Attenuation  axtraaa*  Rm,  flax  •  4. MS,  7.1S8  (dl>  X 

X  X 

Xxixxtstxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxx 

xxxxxsxxxxxtxxxxxtxxxxxxxxxxxxxxtxxxxxxtxxxxxxxxxxxxxxxxxxxxxxx 


X  X 


79-X 

-1 

.•« 

-1.88 

-1.88 

-1.88 

-1.88 

-1.98 

-1.99 

-1.98 

-1.98 

-1.99 

X 

69-X 

7 

.16 

6.86 

6.59 

6.36 

6.15 

5.96 

5.89 

5.66 

5.53 

4.14 

X 

68-X 

6 

.93 

6.65 

6.48 

6.18 

5.98 

5.82 

5.66 

5.52 

5.39 

4.41 

X 

S7-X 

6 

.73 

6.47 

6.23 

6.84 

5.8S 

6.17 

6.99 

5.86 

5.73 

5.22 

X 

L 

66-1 

6 

.57 

6.31 

6.63 

6.41 

6.21 

6.94 

5.88 

5.74 

5.62 

5.69 

A 

X 

T 

ss-x 

-1 

.88 

6.19 

6.49 

6.28 

6.89 

6.3S 

6.19 

6.95 

5.92 

5.89 

I 

X 

T 

64-8 

-1 

.88 

6.88 

6.87 

6.62 

6.42 

6.64 

6.47 

6.32 

6.46 

6.34 

U 

X 

D 

S3-* 

-1 

.88 

5.97 

5.87 

5.79 

6.72 

6.99 

6.73 

6.58 

6.72 

6.59 

E 

t 

S2-* 

-1 

.88 

-1.88 

6.27 

6.88 

6.57 

7.14 

6.97 

6.81 

6.67 

6. 55 

( 

* 

D 

G1-* 

-1 

.88 

-1 .88 

6.89 

6.68 

6.49 

6.32 

6.89 

6.74 

6.69 

6.76 

E 

X 

C 

$•-* 

-1 

.88 

-1.88 

-1.88 

6.68 

6.42 

6.25 

6.11 

5.97 

5. 85 

6.27 

a 

X 

) 

59-* 

-1 

.88 

-1.88 

-1.88 

-1.88 

6.36 

6.29 

6.95 

5.92 

6.97 

6.46 

X 

58-X 

-1 

.88 

-1.88 

-1.88 

-1.88 

-1.89 

6.14 

6.99 

S.87 

6.93 

6.64 

* 

S7-* 

-1 

.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.89 

5.96 

6.19 

5.55 

6.82 

X 

SS-X 

“1 

.88 

-1.88 

-1.88 

-1.88 

-1.88 

-1.99 

-1.99 

6.86 

5.74 

6.26 

* 

XI 

rx* 

XXXI 

txxxxxi 

txxxxxi 

txxxxxi 

txxxxxi 

XXXXX1 

*8*8X1 

txtxxi 

*8*8X1 

txxxxxi 

tx 

1 

141 

1 

130 

1 

13? 

1 

130 

1 

133 

1 

131 

1 

120 

1 

127 

1 

120 

1 

123 

LONGITUDE  (DEG.) 


115 


Rain  attenuation  exceedance  ranges 
over  a  region,  40°N-70°N  latitude  and 
55°W-145°W  in  longitude,  in  Canada  for  an 
earth-satellite  path  in  a  geostationary 
link  at  20,  30  and  44  GHz  for  the  follow¬ 
ing  values  of  P.  The  legend  gives  the 
ranges  of  attenuation  exceedance  values 
corresponding  to  the  symbols  in  the  map. 


The  longitude  of  the  satellite  is  100°  W 
and  there  is  no  site  diversity.  The  min. 
and  max.  attenuation  exceedance  values 
over  the  region  are  also  shown. 


Frequency  Percentage  P  of  time  of  an  average  year 

when  the  rain  attenuation  exceeds  a 
range  of  values. 

20  GHz  (1)  P  =  0.5% 

(2)  P  =  0.1%  ; 

(3)  P  =  0.01%  . 


30  GHz  (1)  P  -  1.0%  ; 

(2)  P  -  0.5%  ; 

(3)  P  =  0.1%  . 


Figs.  40-48 
(pages  116-124) 


44  GHz 


(1)  P  =  1.0% 

(2)  P  =  0.5% 

(3)  P  =  0.1% 
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lutmitttitmttmmiiumttimttumtttmiuimiimmtttu 

t  Satellite  located  at  110.9  deg  long)  Preq.  £0.9  SHi 
fvHBOl  NAp  X  Site  diversity!  N  j  site  seperatlon  dial.  •  0.0  ka 

*  Basel  :ne  to  path  angle*  0.0  dag 

xxxttxttxxxxxxx  Percentage  of  year  that  values  are  exceeded!  0.508 

Attenuation  axtraaai  Nin,  Hex  •  0.230,  3.865  (dl) 

:  ■•■LEGEND . . . . . 

:  Syabol:  1234567090 
i  Range 

r  fro.:  8.0  0.S  1.0  1.5  2.0  2.5  3.0  3.5  4.0  4.5 

to  0.5  1.9  1.5  2.0  2.5  3.0  3.5  4.0  4.5  5.0 


L 

A 

T 

I 

T 

U 

D 

E 

( 

D 

C 

G 

) 


XXlSXXlXlXXXIlXXXIXXXXXtXXXXXXXXXXXllXXXXXXtXXX 

70-t 

X  2222222221111111  1  1 

*  22222222211222111111111111 
*  22222222222222222111111111 
X  22222222222222222211111111 
6S-I  222222222222222222111111111 

X  2222222222222222222 1 1222211 1111 
<  2222222222222222222222222222211 1 1 
X  22222222222222222222222222222221 1 1 
x  22222222222222222222222222222221222 
60-x  22222222222222222222222222222222222 

X  22222222222222222222222222222222222 

X  2222222233333222223222223233223333 

X  2222222333333333322233333333333333 

X  222233233333333332333333333333333 

55-X  2222323443333333333333333333333333 

X  2323344433333333333333333333333333 

X  23343333334444433333344434444443 

X  232333333444444443334444444444442 

X  223233333444444443444444433444443 

S0-X  223233333445554444444444444444444 

X  2  222323333455544444455554444445554 

X  4444555555554435556 

«  44555666765445556 

*  5555666655444688 

XS-*  555566667667777 

X  666666  77888 

X  77666  7 

X  77 

X 

40-XXXXXXXXXXXXXXXXXXXXXtXXXXXXXXXXXXXXXXXXXXXXfXX 

I  I  I  I  I  1  I  I  I  1 

14S  135  125  115  195  95  85  75  65  55 


LONGITUDE  (DEG.) 


Fig.  40 
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tiiimttititmmmiiiitiiutiiuimmutfmtmmmmittimtt 

*  X  Satellite  located  at  100.9  dag  long;  Freq.  29.0  GHx  t 

t  SYMBOL  HAP  t  Site  diversity)  N  ;  alta  separation  diet.  •  0.0  ka  > 

*  *  Baseline  to  path  angle*  9.0  deg  t 

XXXXXXXXXXXXXXXt  Percentage  o f  year  that  values  are  exceeded)  0.190  t 

X  Attenuation  ex  trees:  Hin,  Rax  •  0.506,  1.506  (dl>  t 

t  S 

*  -■•LEGEND-** . * . . . * .  * 

t  Syebol  :123456789A* 
X  Range  X 

X  (ro>:  e.0  1.0  2.0  3.9  4.9  5.0  6.0  7.0  8.0  9.0  > 

I  to  1.0  2.0  3.0  4.0  5.0  6.9  7.0  8.0  9.0  10.0  t 

*  . s 


L 

A 

T 

I 

T 

U 

D 

E 

< 

D 

E 

G 

) 


txxtt  txx  tttixxttxxxxxttxxxxxtxxxxxxxxxxxxxxxxxx 

70-1 

t  2222222222111111  1  1 

t  22222222222222211111111111 
*  22222222222222222211111111 
t  22222222222222222222111111 
65-t  222222222222222222222211111 

I  222222222222222222222222211 1111 
X  22222222222222222222222222222 1111 


22222222222222222222222222222221 1 1 
22222222222222222222222222222222222 
22222222223322222222222222232222322 
22222222233223222222222223332233333 
2222223233333332223222223333333333 
2222333333333333322233333333333333 
222333333444433333333333333333333 
2223333444443344333333333333334433 
2333444443344433433333334444444444 
23344443344444434344444444444444 
233334433444444444444444444444442 
223333333444455544444444444444443 
223333334445555444445544444444555 
3  222333333455555445555564445555555 
5455555556654536656 
55555677765446666 
5666677765444799 
666667777677788 
666667  78999 

77666  8 

77 


145  135  125  115  105  95  85  75  65 


56 
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timmuimimiitKuummiiittimutimmmttitmtiuimti 


t  t  Satellite  located  at  100.0  dag  long;  Freq.  20.0  OH*  X 

x  SvngOL  HAP  X  Sita  diversity!  N  j  site  separation  dial-  •  M  ka  X 
<  X  lasellne  to  path  angle*  9.4  dag  X 

XXXXXXXXXXXXXXXX  Parcantaga  of  uaar  that  values  ara  exceeded!  0.010  X 

X  Attenuation  axlraaa)  (iln,  Wax  •  1.321,  22.211  (dl)  X 

X  X 

x  •••LECEND . . . . . . . .  t 

X  SyaboU  1  2345678BAX 

X  Range  X 


X  front  1.0  3.5  6.0  8.5  11.0  13. S  16.8  18.5  21.0  23.5  X 

X  to  t  3.5  6.0  8.5  11.0  13.5  16.0  18.5  21.0  23.5  26.0  X 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxtxx 

70-X 

X  2222222221111111  1  1 

X  22222222211111111111111111 
X  22222222211111111111111111 
X  22222222222222111111111111 
65-X  222222222222212111111111111 

X  2222222222222221 111111111111111 
X  22222222222222222 1 1 1 122221211 1111 
X  222222222222222222212222222 1211111 

X  2222222222222222221 2222222222221 1 1 1 
60-X  22222222222222222212222222222222221 

X  22222222222222222222222222222222222 

X  2222222233222222223222223233223333 

X  2222222333323333222233333333333333 

X  222223233333332332223333333333333 

55 -X  2222323443333333323323333333333333 

X  1322344433333333333333333343333333 

X  23344333334444433333344434444444 

X  132333333444444443334444444444441 

X  113233333444444443444444434444443 

50-X  113233333445554444445444444444445 

X  2  112223333455554444555554444455555 

X  4445555555654436656 

x  55555667765446666 

X  5555667765444788 

45 -X  566666777677788 

X  666666  78BP0 

X  77666  8 

X  77 

X 

40-XXXt XXXXXXXXXXXXXXXX xxxxxxxxxxxxxxxxxxtxxxxxxxx 

t  •  I  !  i  t  I  I  i  I 

145  1 35  125  115  105  95  85  75  65  55 


LONGITUDE  (DEG.) 
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xxxxxxxtxxxxxxxxxxxxxxxxxxxtxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxttxxxxtxxxxx 

X  X  Satellite  located  at  100.0  dag  long;  Freq.  3M  6H* 

*  SVH20L  NAP  (  Site  divaraityt  H  ;  alto  aeparatloa  diet.  •  M  lea 

t  *  laaallna  to  path  angle*  l.l  dag 

XXXXXXXXXXtXXXXX  Percantaga  of  year  that  valaaa  are  exceeded'  1 . H4 

*  Attenuation  extreeai  Din,  Rax  •  0.359,  5.047  (dll 

* 

*  •  • “LEGEND* •  •  * . * . . . . . 

t  SyeboW  123456729ft 

f  Range 

>  f  roe i  0.0  0.5  1.0  1.5  2-0  2.S  3.0  3.5  4.0  4.5 

*  to  0.5  1.0  1.5  2.0  2.5  3.0  3.5  4.0  4.S  5.0 

t  . . . . . . . . . . . 


L 

A 

T 

I 

T 

U 

D 

E 

< 

D 

E 

G 

’) 


xxxxxxxtxxxxxxxtxxxttxsxxxxtxxxxtxxxxxtxxxxxttx 

70-* 

<  3333332222222222  2  1 

X  33333222222222222221111111 
t  333333332222222222221 1 1 1 1 4 

*  33333332222222222222222121 

65-*  333333333333222222222222211 

*  333333333333323222222222221 1222 

*  332333333333333322222222222222222 

*  3333333333333332222232333322222222 

*  33333333333333322222333333333332222 

60-*  33333333333333332223333333333322332 

*  33333333333333333233333333333333333 

*  3333333344333333334333333344334444 

*  3323333433334444333344444343444444 

*  333334344444443443334444444444444 

55-*  3233434554444444434433444444444444 

*  2433455554444444444444444554455454 

*  344555544455555 4 4444455545555555 

*  2434455 445555555544 45555S5555SS52 

*  223344444555555554555555555555554 

50-*  2233444445566655555S655SS5555S666 

*  3  223334 44 4566665S56S667755S5666666 

S  5566666667765647777 

*  66667202976557777 

*  6777022276S5S2AA 

45-*  777722229992999 

*  777799  99AA7 

S  99700  9 

S  99 

s 


1111111(11 

145  135  125  115  105  95  95  75  25  65 
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XXXXXXXXXXXXXXXXXXXXtXXXXXXXXXXXXXXXXXXXIXtXXXXXXXXXXXXXXXXXXXXXXXXXXlX 
t  X  SiUtllti  located  at  1IM  dag  long;  frag.  3#.#  QHi 

X  SYMBOL  MAP  *  Sita  diversity:  N  ;  alia  separation  dlat.  •  lea 

t  X  lasaUna  to  path  angle*  9.9  dag 

XtXXX tXXXXXXXtXX  Par cantaga  of  yaar  that  taluaa  ara  exceeded:  I.SU 
*  Attenuation  artraaa i  Mir,  flax  •  9.529,  7.3*3  <di> 

X 

X  •••LEGEND . ••• . ••• . . . . 

X  Syebol:  1234S67S9A 
X  Range 

X  froat  9.9  1.0  a.*  3.*  4.*  S.*  6.*  7.*  8.*  9.* 

X  to  >  1.9  2.9  3.9  4.*  5.9  6.9  7.9  8.9  9.9  19.9 


L 

A 

T 

i 

T 

U 

D 

E 

< 

D 

E 

G 

) 


xtxxxxxxxxxxxxxxxxxxxxxtxxxxxxixxxxxxxxxxtxxxxx 

79- X 

X  2222222221111111  1  1 

X  22222222222222111111111111 
X  22222222222222222211111111 
X  22222222222222222222 1 1 1 1 1 1 
65-X  222222222222222222111111111 

X  22222c?22222222222222222221 1 1 1 1 1 
X  222222222222222222222222222221 1 1 1 
X  222222222222222222222222222222211 1 
X  22222222222222222222222222222222222 
69-X  22222222222222222222222222222222222 

t  222222222222222222222222222 32222323 

X  2222222233333222223222223233323333 

X  2222232333333333322233333333333333 

X  222233333333333332333333333333333 

55-t  2222333443333333333333333333333333 

X  2323344433333333333333333333333333 

X  23343333334444433333344434444443 

X  233333333444444443334444444444442 

X  223233333344444443344444433444443 

59-X  223233333445554444444444444444444 

X  2  222323333445544444445554444445554 

X  4444555555554435555 

X  44555666655445555 

X  5555666655444677 

45-X  555566666666677 

X  556566  67788 

X  66666  7 

X  66 


!  i  i  i  i  i  ■  i  i  • 

145  135  125  115  195  95  >6  75  65  55 

IONS  I TUBE  (DEO.) 


Fig.  44 


121 


xxxxxxxxxxxxxxxxxxxxxixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxsxx 

X  X  Satellite  located  at  188.8  deg  long;  Freq.  36.8  GHs 

t  SYMBOL  MAP  t  Site  diversity!  N  ;  aita  separation  dist.  *  8.8  ka 
X  t  Baseline  to  path  angle*  8.8  dag 

XXXXXXXXXXXXXXXX  Percentage  of  year  that  values  are  exceeded!  8.188 
X  Attenuation  axtreeai  Min,  Max  •  1.143,  16.878  ( dB > 

* 

I  •  *  •  LEGEND . . . . . . . 

X  Syaboti  1234S6789A 
t  Range 

X  from  1.8  2.5  4.8  5.5  7.8  t.5  18.8  11.5  13.8  14.5 

X  to  i  2.5  4.8  5. 5  7.8  8.5  18.8  11.5  13.8  14.5  16.8 


L 

A 

T 

1 

T 

U 

D 

E 

< 

D 

E 

G 

) 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

78-X 

X  2222222221111111  1  1 

X  22222222211211111111111111 
X  22222222222222111111111111 
X  22222222222222222211111111 
65-8  222222222222222222111111111 

X  22222222222222222221 12111111111 
X  222222222222222222221222222221111 
X  2223222222222222222222222222222111 
X  22222222222222222222222222222221 122 
68-8  22222222223322222222222222232222322 

X  22222233233223222222223333332233333 

X  2222223233333332223222333333333333 

X  2222333333333333322333333333333434 

X  222333344444433333334333333444444 

5S-X  2223334544444444333333333343444444 

X  2333444444444434433334444444444444 

X  23444444444445544344444444444444 

X  233434444445554554444555445455541 

X  223334433455555554445555444545553 

58-X  223333334456665455555545555555556 

X  3  222333334466665455566665555556666 

X  5455666666765537767 

X  55666788876457777 

X  666678887 S45S8 A A 

«-X  677778889788959 

X  777778  99M7 

X  88777  9 

X  99 


i  ■  i  i  i  i  i  i  i  ( 

145  135  12S  115  185  95  85  75  65  55 

LOMOITUDC  (DEG.) 
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tituuniiiiu 

x 

i-.fiBoi.  map  i 

X 

ttutmiiuui 


Siislllig  located  at  101.6  dag  long*  Freq.  44.6  GHx 
Sit#  diversity:  N  ;  site  separation  dial.  •  0.6  ka 

laaaline  to  path  angle*  0.6  dag 
Percentage  of  year  that  value*  are  exceeded:  1.660 
Attanuatlon  exireea:  Win,  flax  •  6.717,  7.762  (di) 


••■LEGEND . * . * . 

Syabol!  1234S6789A 
Range 

from  0.6  1.0  2.0  3.0  4.6  5.6  6.6  7.0  8.0  9.6 

to  1.6  2.6  3.6  4.0  5.0  6.6  7.0  8.0  9.0  16.6 


L 

A 

T 

I 

T 

U 

D 

E 

( 

D 

E 

C 

) 


luumttmtiituutttmmttiuttmutiui 

70-* 

3332222222222222  2  1 

33322222222222222221111 1 1 1 
3322222222222222222211 1111 
32332222222222222222222121 
232222222222222222222222211 
2233332323332222222222222211111 
222333333333222222222222222222222 
2233333333323222222222222222222222 
33323333322222222222223322222322222 
33222223333322222222233332333222332 
22222333333333222222333333333233333 
2222333333333332223223333333333333 
2223333333333333322333333333333334 
222333344444433333333333333434444 
2223334444443444333333333333444444 
2333444444444433433334444444444444 
33444444444444434344444444444444 
233334444444444444444444444444442 
223333333444444544444444444444443 
223333334445555444445544444555555 
3  223333334455555445555554445555555 
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Figs.  49-63  Rain  attenuation  exceedance  values  for 
(pages  126-140)  selected  sites  in  different  regions  of 

Canada  for  an  earth-satellite  path  in  a 
geostationary  link  at  20,  30  and  44  GHz 
for  P  =  0.1%. 


The  longitude  of  the  satellite  is  100°  W 
and  there  is  no  site  diversity.  The  app¬ 
roximate  position  of  the  site  is  shown  on 
a  coarse  map. 
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Figs.  64-66 
(pages  142-144) 


Link  availability  Av  contours  for  a  major 
part  of  Canada  for  an  earth-satellite 
path  in  a  geostationary  link  at  20,  30 
and  44  GHz  for  the  following  values  of 
link  margin  LM  to  overcome  rain  fade. 


The  legend  gives  the  link  availability 
values  for  the  contours.  The  longitude 
of  the  satellite  is  100°  W  and  there  is 
no  site  diversity.  The  latitude  and 
longitude  of  the  boundaries  are  indi¬ 
cated  . 
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CANSLA<J;  SLONG:  100.0  FREQ.:  20.0  GHz  SITE  DIU.:  N 
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Figs.  67-78 
(pages  146- 
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Link  availability  contours  for  selected 
157)  regions  in  Canada  for  an  earth-satellite 

path  in  a  geostationary  link  at  20,  30 
and  44  GHz  for  the  following  values  of 
link  margin  LM  to  overcome  rain  fade. 


The  legend  gives  the  link  availability 
values  for  the  contours.  The  longitude 
of  the  satellite  is  100°  W  and  there  is 
no  site  diversity.  The  latitude  and 
longitude  of  the  boundaries  are  indi¬ 
cated  . 
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Figs.  79-93 
(pages  159- 
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Link  availability  values  for  selected 
173)  sites  in  different  parts  of  Canada  for  an 

earth-satellite  path  in  a  geostationary 
link  at  20,  30  and  44  GHz  for  the  follow¬ 
ing  values  of  link  margin  LM  to  overcome 
rain  fade. 


The  longitude  of  the  satellite  is  100°  W 
and  there  is  no  site  diversity.  Approxi¬ 
mate  position  of  the  site  is  shown  on  a 
coarse  map. 
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